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Uhylvhg Pd| 5333
Devwudfw
Wkh Uxvvldq Hfrqrp| kdv hyroyhg lqwr d k|eulg irup/ d sduwldoo|
prqhwl}hg txdvl0pdunhw v|vwhp wkdw kdv ehhq fdoohg wkh yluwxdo hfrq0
rp|1 Lq wkh yluwxdo hfrqrp|/ eduwhu dqg qrq0prqhwdu| wudqvdfwlrqv
sod| d nh| uroh lq wudqvihuulqj ydoxh iurp surgxfwlyh dfwlylwlhv wr wkh
orvv0pdnlqj vhfwruv ri wkh hfrqrp|1 Zh vkrz krz wklv wudqvihu wdnhv
sodfh/ dqg krz lw fdq eh frqvlvwhqw zlwk wkh lqfhqwlyhv ri hfrqrplf
djhqwv1 Zh dqdo|}h d vlpsoh sduwldo0htxloleulxp prgho ri wkh yluwxdo
hfrqrp|/ dqg vkrz krz lw pljkw suryh dq revwdfoh wr lqgxvwuldo uh0
vwuxfwxulqj dqg khqfh pdunhwl}lqj wudqvlwlrq1
4 Lqwurgxfwlrq1
Wkh Uxvvldq wudqvlwlrq iurp d ghprqhwl}hg frppdqg hfrqrp| wr d prq0
hwl}hg pdunhw hfrqrp| kdv wdnhq dq xqh{shfwhg ghwrxu1 Wkh Uxvvldq hfrq0
rp| dsshduv wr eh hyroylqj d qhz k|eulg v|vwhp/ d sduwldoo| prqhwl}hg txdvl0
pdunhw hfrqrp|14 Wklv k|eulg kdv ehhq fdoohg wkh yluwxdo hfrqrp|15 Wkh
￿Ghsduwphqw ri Hfrqrplfv/ Froxpeld Xqlyhuvlw|/ 753 Z1 44;wk Vwuhhw/ Qhz \run/
Q\4335:1 ?uhh6Cfroxpeld1hgxA
|Ghsduwphqw ri Hfrqrplfv/ Wkh Shqqv|oydqld Vwdwh Xqlyhuvlw|/ Xqlyhuvlw| Sdun/ SD1
49;351 ?ezlfnhvCsvx1hgxA
4Lq klv 4<<< Vwdwh ri wkh Ihghudwlrq/ Erulv \howvlq frpphqwhg wkdw/ Zh duh vwxfn
kdoizd| ehwzhhq d sodqqhg/ frppdqg hfrqrp| dqg d qrupdo/ pdunhw rqh1 Dqg qrz zh
kdyh dq xjo| prgho  d furvv0euhhg ri wkh wzr v|vwhpv1
5Vhh/ iru h{dpsoh/ Jdgg| dqg Lfnhv +4<<;e,1
4yluwxdo hfrqrp| k|srwkhvlv kdv ehhq xvhg wr h{sodlq wkh odfn ri uhvwuxfwxu0
lqj lq Uxvvldq hqwhusulvhv dqg wkh jurzwk ri eduwhu dqg rwkhu qrq0prqhwdu|
wudqvdfwlrqv1 Lq sduwlfxodu/ wkh yluwxdo hfrqrp| k|srwkhvlv lpsolhv wkdw
eduwhu dqg qrq0prqhwdu| wudqvdfwlrqv sod| d nh| uroh lq glvwulexwlqj ydoxh
iurp surgxfwlyh vhfwruv dqg dfwlylwlhv wr wkh orvv0pdnlqj vhfwruv dqg hqwhu0
sulvhv lq wkh hfrqrp|1 Zlwkrxw vxfk wudqvihuv wkh yluwxdo hfrqrp| frxog qrw
h{lvw1
Khuh zh ehjlq dq h{sorudwlrq ri wkh khduw ri wkdw uhglvwulexwlrq ri ydoxh
wkurxjk d vlpsoh prgho ri wkh lqwhudfwlrq ehwzhhq wkh sulqflsdo dfwruv lq wkh
cyluwxdo hfrqrp|*= wkh jryhuqphqw/ wkh sulpdu| ydoxh0dgglqj vhfwru/ hqhuj|/
dqg hqwhusulvhv lq wkh odujho| xquhvwuxfwxuhg/ dqg khqfh orz wr qhjdwlyh
ydoxh0dgghg/ lqgxvwuldo pdqxidfwxulqj vhfwru1 Lq wklv prgho zh irupdol}h wkh
lqfhqwlyhv ri wkh nh| djhqwv dqg wkh zd| wkrvh lqfhqwlyhv vxssruw wkh cyluwxdo
hfrqrp|* dv dq htxloleulxp frqjxudwlrq ri ehkdylruv rq wkh sduw ri wkhvh
hfrqrplf dfwruv1 Zh dovr ehjlq dq h{sorudwlrq ri vrph ri wkh frqvhtxhqfhv
ri wklv hfrqrplf v|vwhp/ lq sduwlfxodu wkh dgglwlrqdo eduulhu wkdw lw sodfhv
ehiruh wkh uhvwuxfwxulqj dqg prghuql}dwlrq ri Uxvvldq lqgxvwu|1
414 Vrph Uxvvldq Wudqvlwlrq Sx}}ohv1
Wkh Yluwxdo Hfrqrp| k|srwkhvlv surylghv d srwhqwldo h{sodqdwlrq iru d
qxpehu ri dqrpdolhv dqg sx}}ohv ri wkh Uxvvldq wudqvlwlrq/ fkdudfwhulvwlfv
zklfk vhw lwv h{shulhqfh dsduw iurp wkh wudqvlwlrq h{shulhqfh ri wkh hphujlqj
pdunhw hfrqrplhv ri hdvw fhqwudo Hxursh1 Wkh prvw lpsruwdqw sx}}oh/ ri
frxuvh/ lv wkh idloxuh ri d odujh qxpehu ri hqwhusulvhv wr uhvwuxfwxuh1 Lq dggl0
wlrq duh d vhw ri skhqrphqd/ hovhzkhuh frqvlghuhg d sdvvlqj sduw ri hduo|
wudqvlwlrq/6 wkdw kdyh ehfrph fkdudfwhulvwlf  hpehgghg lq wkh vwuxfwxuh ri
wkh hfrqrplf v|vwhp  lq Uxvvld1 Dprqj wkhvh duh=
 Dssduhqwo| shupdqhqw duuhduv ri sd|phqwv/ zdjhv/ wd{hv>7
6Vhh/ iru h{dpsoh/ wkh glvfxvvlrq lq Eodqfkdug +4<::,1
7Lqgxvwuldo duuhduv phdvxuhg dv d vkduh ri lqgxvwuldo vdohv lqfuhdvhg iurp ryhu 73( lq
hduo| 4<<; wr 93( lq Dxjxvw1 Vlqfh wkh vkdus ghydoxdwlrq ri wkh uxeoh wkh| kdyh judgxdoo|
uhwxuqhg wr derxw 73(1 Wkh| duh frpsulvhg sulpdulo| ri wzr lwhpv= duuhduv wr vxssolhuv/
dqg duuhduv wr wkh exgjhw dqg r0exgjhw ixqgv +Uxvvldq Hfrqrplf Wuhqgv/ Mxqh 4<<<= 61,1
Wrwdo duuhduv dv d shufhqwdjh ri dqqxdol}hg JGS kdyh iroorzhg wkh vdph sdwwhuq +Lydqryd
dqg Z|sorv} +4<<<= 57,1
5 Pdvvlyh Eduwhu dprqj lqgxvwuldo hqwhusulvhv/ lq hoderudwh fkdlqv/ dw
clglrv|qfudwlf* +yluwxdo, sulfhv2udwhv ri h{fkdqjh>8
 Vxevwdqwldo xvh ri Txdvl0prqh|v ^Yhnvhol/ rvhwv +}dfkîw|,/ dqg orfdo
ru hqwhusulvh vfulsw`/ zlwk lglrv|qfudwlf ydoxhv/ iru forvlqj wudqvdfwlrqv
zlwklq ceduwhu fkdlqv*/ iru wd{hv dqg iru zdjhv1
Wkhvh glvwruwlrqv lqglfdwh d vxevwdqwldo uh0ghprqhwl}dwlrq ri hfrqrplf lq0
whudfwlrq dqg h{fkdqjh lq wkh fruh lqgxvwuldo vhfwruv ri wkh Uxvvldq hfrqrp|/
d uhvruw wr qrq0prqhwl}hg lqwhuphgldwlrq uhplqlvfhqw ri wkh Vrylhw shulrg1
Wkh| kdyh ehhq dffrpsdqlhg e| d frqwlqxlqj/ lqghhg jurzlqj/ lqdelolw| wr
fryhu frvwv lq pdqxidfwxulqj/9 ghvslwh +h{solflwo| ) lpsolflwo|, vxevlgl}hg
sulfhv iru ixqgdphqwdo lqsxwv/ lqfoxglqj hqhuj|/ wudqvsruwdwlrq/ edvlf phw0
dov dqg lqgxvwuldo pdwhuldov/ dqg hyhq  gxh wr wkh delolw| wr uhgxfh zdjhv
wkurxjk duuhduv/ vfulsw dqg lq0nlqg sd|phqwv  oderu1 Wklv kdv ehhq df0
frpsdqlhg e| d frqwlqxlqj devhqfh2ghfolqh lq lqyhvwphqw lq wkh surgxfwlrq
vhfwru/: olplwlqj uhvwuxfwxulqj lq fruh lqgxvwu| +ghvslwh pdvvlyh ghew dffx0
pxodwlrq/ pxfk iurp deurdg,/ dqg e| d vxusulvlqj +jlyhq gudpdwlf fkdqjhv
lq hfrqrplf dqg ydoxdwlrq hqylurqphqw, frqwlqxlw|2vwdelolw| lq exvlqhvv qhw0
zrunv dqg uhodwlrqv1 Wklv vwdwh ri wudqvlwlrq kdv ohg wr jurzlqj vfdo lpedo0
dqfhv/ dw doo ohyhov/ wkdw fxoplqdwhg lq wkh qdqfldo fulvlv ri 4<<;1;
D odujh qxpehu ri sduwldoo| ryhuodsslqj h{sodqdwlrqv duh dydlodeoh iru
wkhvh skhqrphqd1 Wkh| lqfoxgh=
8Eduwhu lqfuhdvhg iurp dssur{lpdwho| 8( ri vdohv lq 4<<5 wr ryhu 78( ri vdohv lq 4<<:1
Vhh/ iru h{dpsoh/ Khqgoh|/ hw1 do1 +4<<;,1
9Iru h{dpsoh/ wkh vkduh ri lqgxvwuldo hqwhusulvhv uhsruwlqj qhw orvvhv zdv 7:16 shufhqw
lq Rfwrehu 4<<: +wkdw lv/ ehiruh wkh fulvlv ri Dxjxvw 4<<;,/ xs iurp ohvv wkdq 5: shufhqw
lq 4<<81 Gdwd duh iurp Jrvnrpvwdw dv uhsruwhg lq Lqwhuid{ Vwdwlvwlfdo Uhsruwv/ qrv1 47/
84285= 4<<:/ 7= 4<<;/ dqg 8= 4<<;1
:Lqyhvwphqw ghfolqhg vwhdglo| wkurxjkrxw wkh shulrg ri wudqvlwlrq/ eulqjlqj wkh yroxph
ri fdslwdo lqyhvwphqw iru 4<<: wr ohvv wkdq 57( ri lwv 4<<3 ohyho ^RHFG +4<<:,/ 6:`1 Vhh
dovr Lqwhuid{ Vwdwlvwlfdo Uhsruw/ qr1 7/ 4<<;1 Lq 4<<; jurvv {hg lqyhvwphqw ghfolqhg 91:(>
gxulqj 4<<< wklv qdoo| vkrzhg dq lqfuhdvh/ 4( iru wkh |hdu1 ^SodqHfrq Uhsruw/ yro1
[YL/ 6/ Iheuxdu| 5333/ 9`Dowkrxjk vrph ghfolqh lq lqyhvwphqw0JGS udwlr zdv d qhfhvvdu|
uhvsrqvh wr wkh h{fhvvlyh udwhv ri wkh Vrylhw shulrg/ wklv vhhpv wr eh dq ryhu0fruuhfwlrq1
Wklv lv hylghqw lq wkh djlqj ri wkh fdslwdo vwrfn1 Lq 4<;3 wkh dyhudjh djh ri sodqw dqg
htxlsphqw zdv <18 |hduv> lq 4<<8 lw zdv 47141 Wklv lv doo wkh pruh rplqrxv jlyhq wkh idfw
wkdw lq wkh Vrylhw shulrg uhsodfhphqw udwh zhuh yhu| orz/ dqg fdslwdo zdv nhsw lq sodfh
xqwlo sk|vlfdoo| revrohwh1
;Vhh/ iru h{dpsoh/ Hulfvrq +4<<;,1
6 lqvx!flhqw oltxlglw| gxh wr plvsodfhg cprqhwdulvp* ^Uxvvldq Dfdghp|
+4<<:,/ Frppdqghu0Pxpvvhq +4<<;,/ Zrrgux +4<<<d,`/
 luudwlrqdoo| kljk +frqwuroohg, prqhwdu| sulfhv/ hvshfldoo| iru hqhuj|/ lq0
gxflqj eduwhu dv d phdqv wr hhfw sulfh fxwv^Zrrgux +4<<<d/ 4<<<e,`>
 wd{ hydvlrq ^Khqgoh| hw do1 +4<<;,/ \dnryohy +4<<<,`>
 lqh!flhqw prqhwdu| dqg fuhglw v|vwhpv ^Srvhu +4<<;,`>
 uhqw0vhhnlqj lq prqhwl}hg wudqvdfwlrqv e| frpphufldo dqg prqhwdu| lq0
whuphgldulhv/ udlvlqj wudqvdfwlrqv frvwv deryh wkrvh ri eduwhu dqg txdvl0
prqlhv ^Jxulhy0Srvshory +4<<;,`>
 d odfn ri vhulrxv lqgxvwuldo uhvwuxfwxulqj/ lpso|lqj dq lqdelolw| wr uh0
surgxfh ydoxh zlwk wkh lqkhulwhg frqjxudwlrq ri whfkqrorjlhv/ surgxf0
wlrq idflolwlhv/ vrfldo reoljdwlrqv/ hwf1 ^Frppdqghu0Pxpvvhq +4<<;,/
Jdgg|0Lfnhv +4<<;e,/ Hulfvrq +4<<;,`1
Wkhvh h{sodqdwlrqv edvlfdoo| idoo lqwr wzr fdwhjrulhv= +4, edg srolf|/ dqg +5,
edg vwuxfwxuh1 Wkh edg srolf| dujxphqwv vxjjhvw wkdw whfkqlfdo vroxwlrqv
frxog eh ghylvhg wkdw zrxog holplqdwh eduwhu1< Lq wkhvh h{sodqdwlrqv/ eduwhu
lv zkdw qhhgv wr eh h{sodlqhg1 Wkh edg vwuxfwxuh h{sodqdwlrqv irfxv rq
pruh ixqgdphqwdo sureohpv wkdw sodjxh wkh Uxvvldq wudqvlwlrq1 Eduwhu lv
d vlgh hhfw ri djhqwv* dwwhpswv wr frsh zlwk wkh vwuxfwxudo ohjdflhv ri wkh
suhylrxv v|vwhp lq wkh frqwh{w ri d txdvl0pdunhw hfrqrp|1
Zkloh erwk w|shv ri h{sodqdwlrq duh xqgrxewhgo| ydolg/ wkh vhfrqg vhhpv
wr xv pruh ixqgdphqwdo1 Pruhryhu/ rqo| wkh yluwxdo hfrqrp| k|srwkhvlv
h{sodlqv wkh odfn ri uhvwuxfwxulqj dqg wkh jurzwk lq eduwhu dv sduw ri wkh
vdph surfhvv1 Vshflfdoo|/ lw ghulyhv iurp wkh idfw wkdw pxfk ri lqkhulwhg
lqgxvwu|  wkh ohjdf| ri wkh Vrylhw Xqlrq  pxvw dyrlg wkh prqhwl}hg
hfrqrp| dv lw lv qrw yldeoh wkhuh1 Lw fdq rqo| vxuylyh lq d yluwxdo hfrqrp|1
415 Wkh Yluwxdo Hfrqrp| K|srwkhvlv1
Pxfk ri wkh hfrqrplf dfwlylw| dqg wkh vwrfn ri dvvhwv lq Uxvvld/ dv phdvxuhg
lq prqhwdu| whupv/ lv pruh dssduhqw wkdq uhdo1 Lw uh hfwv dq h{djjhudwhg ydo0
xdwlrq ri erwk surgxfwlrq dqg fdslwdo lq wkh fruh pdqxidfwxulqj vhfwruv ri wkh
<Wkhvh pd| eh frpsoh{ wr lpsohphqw/ dw ohdvw zlwk uhvshfw wr wd{ hydvlrq/ exw lq lq
sulqflsoh wkh| duh ihdvleoh/ whfkqlfdo vroxwlrqv1
7hfrqrp|1 Wkhvh fdsdflwlhv uh hfw d vwuxfwxuh ri idfwru dqg lqsxw xvh lqkhulwhg
iurp wkh Vrylhw Xqlrq/ ghvslwh vrphwlphv vxevwdqwldo eruurzlqj iru lqyhvw0
phqw lq qhz htxlsphqw1 Wkh| uh hfw d jhqhudo odfn ri vhulrxv uhvwuxfwxulqj ri
idflolwlhv/ surfhvvhv dqg surgxfwv/ dv zhoo dv olwwoh fkdqjh lq pdqdjhuldo sudf0
wlfhv143 Wkxv wkh fruh ri lqgxvwuldo pdqxidfwxulqj frqwdlqv pdq| orz +wr
qhjdwlyh, ydoxh0dgghg hqwhusulvhv dw pdunhw ^xvhu2frqvxphu ydoxh` sulfhv1
Sduwlfxoduo| zlwk lpsruw dowhuqdwlyhv/ pxfk ri pdqxidfwxulqj fdq*w vxuylyh
lq dq hyhq sduwldoo| frpshwlwlyh pdunhw1 \hw wkh froodsvh2glvdsshdudqfh ri
wklv fruh lv vrfldoo|2srolwlfdoo| xqdffhswdeoh/ hyhq zkhq lw lv hfrqrplfdoo|
udwlrqdo +pdunhw0ydoxhg vrfldo vxusoxv hqkdqflqj, wr forvh dqg uhsodfh wkrvh
hqwhusulvhv1 Lqghhg/ lq wkh h{wuhph frqglwlrqv ri srolwlfdo/ hfrqrplf dqg
lqvwlwxwlrqdo xqfhuwdlqw| wkdw suhydlo lq Uxvvld/ wkh uhsodfhphqw ri forvhg
hqwhusulvhv zrxog vhhp wr eh dq h{wuhpho| ohqjwk| dqg xqfhuwdlq surfhvv144
Wklv khosv h{sodlq zk| edqnuxswf| vwdwxwhv kdyh ehhq hhfwlyho| ljqruhg1
Lw lv qrw mxvw jryhuqphqwv wkdw duh uhoxfwdqw wr vkxw grzq orvv0pdnlqj
hqwhusulvhv1 Hqwhusulvh gluhfwruv kdyh dq lqfhqwlyh wr nhhs wkhp rshudwlqj
vr wkdw wkh| fdq frqwlqxh wr dssursuldwh fdvk  rz rq wkh edvlv ri wkhlu
frqwuro ri hqwhusulvh dvvhwv145 Wkh idfw wkdw wkh hqwhusulvh lv qrw yldeoh lq
wkh pdunhw hfrqrp| phdqv wkdw vrph rwkhu zd| pxvw eh irxqg wr frqwlqxh
rshudwlrq/ doorzlqj frqwlqxhg dssursuldwlrq ri fdvk  rz1 Wr pdnh wkhvh
hqwhusulvhv dsshdu yldeoh +ydoxh0dgglqj, wkh| hqjdjh lq vshflf vwudwhjlhv
wr nhhs rxwsxw sulfhv cderyh pdunhw* dqg lqsxw frvwv khog cehorz pdunhw*
wkurxjk eduwhu/ duuhduv/ ru txdvl0prqhwdu| lqvwuxphqwv/ jhqhudwlqj yluwxdo
sulfhv146 Dprqj vxfk vwudwhjlhv duh=
43Wklv odfn ri uhvwuxfwxulqj/ dqg wkh uhdvrqv ehklqg lw/ duh qlfho| vxppdul}hg e| d
uhfhqw uhsruw ri wkh PfNlqvh| Joredo Lqvwlwxwh +4<<<, wr wkh Uxvvldq jryhuqphqw rq wkh
vlwxdwlrq lq 43 fulwlfdo vhfwruv ri wkh Uxvvldq hfrqrp| lq 4<<:0;1
44Rqh lpsruwdqw idfwru lv wkh shfxoldu jhrjudsklf orfdwlrq ri hqwhusulvhv lq Uxvvld1
Hqwhusulvhv zhuh orfdwhg xqghu Vrylhw frqglwlrqv zlwkrxw uhjdug wr wudqvsruwdwlrq frvwv1
Li O2QYD hqwhusulvhv zhuh vkxw grzq lw lv qrw dw doo fohdu wkdw qhz hqwhusulvhv zloo irup
lq wkh vdph orfdwlrq1 Iru uhjlrqdo r!fldov wklv lv dq lpsruwdqw frqvlghudwlrq rshudwlqj
djdlqvw hqiruflqj edqnuxswf| vwdwxwhv1 Vhh Lfnhv/ hw1 do1 +4<<:,1
45Hyhq O2QYD hqwhusulvhv kdyh vrph fdvk  rz/ mxvw qrw ri d vx!flhqw pdjqlwxgh wr
fryhu frvwv1 D gluhfwru ri vxfk dq hqwhusulvh fdq dssursuldwh vrph ri wklv fdvk  rz li wkh
rshudwlrq fdq eh pdlqwdlqhg1 Wklv surylghv d jrrg sduw ri wkh h{sodqdwlrq ri wkh nhhq
lqwhuhvw ri gluhfwruv lq pdlqwdlqlqj rshudwlrq ri orvv0pdnlqj hqwhusulvhv1 Qrwlfh wkh uroh
ri d uhjlph zkhuh djhqwv gr qrw kdyh wr phhw wkhlu gxfldu| uhvsrqvlelolwlhv wr vxuylyh/
h1j1 d uhjlph lq zklfk duuhduv wr vxssolhuv/ jryhuqphqw dqg zrunhuv lv hqghplf1
46Qrwh wkdq qrqh ri wkhvh lv srvvleoh lq d ohjdo hqylurqphqw lq zklfk surshuw| dqg
frqwudfw uljkwv duh hhfwlyho| hqirufhg/ surylglqj uhfrxuvh iru fuhglwruv1
8 wudglqj lqgxvwuldo rxwsxw dw h{djjhudwhg ydoxh iru hqhuj|/ wudqvsruwd0
wlrq/ dqg edvlf pdwhuldo lqsxwv +orzhulqj wkhlu uhodwlyh sulfhv,>
 iruflqj qdwxudo +lq0nlqg, zdjhv rq/ ru fhdvlqj wr sd| +l1h1 lpsrvlqj
duuhduv rq, zrunhuv/ orzhulqj wkh zdjh eloo>
 eduwhulqj zlwk/ ru xvlqj rvhwv2duuhduv rq/ jryhuqphqwv dw doo ohyhov wr
orzhu lqgluhfw2ryhukhdg frvwv dqg wd{hv1
Wkxv orz2qhjdwlyh ydoxh dgghg +O2QYD, hqwhusulvhv fdq dsshdu yldeoh/ deoh
wr fryhu frvwv/ e| sxuvxlqj wkhvh cyluwxdo* vwudwhjlhv1 Wkh rqo| sureohp iru
wkhp lv krz wr jhw wkhlu kdqgv rq fdvk2prqh|2fuhglw ^dq dssduhqw oltxlglw|
sureohp`> qr rqh lv zloolqj wr sd| uhdo prqh| dw wkhvh yluwxdo sulfhv1 Wklv
surylghv d vwurqj lqfhqwlyh iru pdqdjhphqw/ wkdw zrxog rwkhuzlvh orvh lwv
+shuvrqdoo| oxfudwlyh dqg srolwlfdoo| srzhuixo, srvlwlrq/ wr hqjdjh lq wklv gh0
prqhwl}hg yluwxdo hfrqrp|1 Lq dgglwlrq/ wkh wrwdo odfn ri wudqvsduhqf| lq
wkh uhvxowlqj v|vwhp ri ydoxdwlrq fryhuv wkh pdvvlyh h{wudfwlrq ri uhqwv
xqghu wkh looxvlrq ri shuirupdqfh1 Wkxv erwk wkh jryhuqphqw dqg O2QYD
hqwhusulvhv kdyh dq lqwhuhvw lq suhvhuylqj wkh fwlrq/ d pxwxdo lqwhuhvw wkdw lv
uh hfwhg lq vrph +qrz jhqhudoo| lqgluhfw, jryhuqphqw vxevlgl}dwlrq wkurxjk
wd{ rvhwv/ wdflw dffhswdqfh ri duuhduv rq wd{hv/ zdjhv/ hwf1
Wkh lqwhuhvwv ri wkh jryhuqphqw dqg wkh O2QYD hqwhusulvhv lq pdlq0
wdlqlqj wkh fwlrq wkdw wkh fruh ri wkh pdqxidfwxulqj vhfwru lv yldeoh duh
fohdu1 Exw wkhvh lqfhqwlyhv duh lqvx!flhqw wr pdlqwdlq rshudwlrq ri wkhvh
O2QYD hqwhusulvhv> ydoxh pxvw eh wudqvihuuhg iurp wkh ydoxh0dgglqj vhfwruv
ri wkh hfrqrp| wr surs xs orvv0pdnlqj hqwhusulvhv1 Wkh sulpdu| vrxufh iru
wkh uhdoorfdwlrq ri ydoxh wkdw suhvhuyhv wkh yluwxdo ixqfwlrqlqj ri lqh!flhqw
pdqxidfwxulqj lv wkh vdph dv lw zdv lq wkh Vrylhw Xqlrq  wkh hqhuj| dqg
uhvrxufh vhfwruv147
416 Lv Lw UhdoB
Dv sduwlflsdwlrq lq wkh yluwxdo hfrqrp| lqyroyhv d vdfulfh ri +srwhqwldo,
zhdowk/ wkh txhvwlrq dulvhv dv wr zk| ydoxh0dgglqj surgxfhuv lq wkh hqhuj|
dqg uhvrxufh vhfwruv zrxog zloolqjo| sduwlflsdwh lq vxfk d wudqvihu ri ydoxh wr
47Wklv frqwlqxlw| lv qlfho| revhuyhg dqg glvfxvvhg lq Wrpsvrq +4<<;,1 Wkhvh duh qrw/
krzhyhu/ wkh rqo| vrxufhv ri ydoxh1 Lq dgglwlrq/ qhz sulydwh hqwhusulvh frqwulexwhv lq wkh
irup ri kljkhu hhfwlyh wd{ udwhv dqg rwkhu frvwv dvvrfldwhg zlwk rshudwlqj lq wkh prqhwdu|
hfrqrp|1 Vhh Jdgg| dqg Lfnhv +4<<<,1
9rwkhu hqwhusulvhv1 Wkh edvlf dqvzhu vhhpv wr olh lq vhsdudwlrq ri wkh lqfhq0
wlyhv ri wkrvh zkr frqwuro wkh uhvrxufh dqg hqhuj| lqgxvwulhv iurp wkh ydoxh
fuhdwhg lq wkhlu rshudwlrq1 Dv glvfxvvhg lq Jdgg| dqg Lfnhv +4<<;d/ 4<<<,
wkh jryhuqphqw lv deoh wr rhu lqfhqwlyhv iru frrshudwlrq/ dqg wkuhdwhq
sxqlvkphqwv li wkh cydoxh dgghuv* gr qrw frqwlqxh wr surylgh vxssruw iru
pdqxidfwxulqj/ lq whupv ri dffhvv +ru lwv ghqldo, wr oxfudwlyh h{sruw pdunhwv/
srolwlfdo srzhu dqg lq xhqfh/ wkh wrohudwlrq ri uhqw0vhhnlqj +ohdndjhv,/ dqg
wkh wkuhdw ri orvv ri frqwuro e| lqghshqghqwo| yrwlqj lwv vkduhv ru uhgrlqj
wdlqwhg sulydwl}dwlrqv1
Lq dgglwlrq lw kdv ehhq dujxhg ^Zrrgux +4<<<d/e,` wkdw wkhvh qdwxudo
prqrsrolhv kdyh dq lqwhuhvw lq xvlqj wkhlu pdunhw srzhu wr h{wudfw dg0
glwlrqdo vxusoxv wkurxjk sulfh glvfulplqdwlrq148 Wklv lv uhlqirufhg li h{sruw
+kdug fdvk, pdunhwv duh txdqwlw| dqg sulfh frqvwudlqhg dqg wkh grphvwlf fdvk
sulfhv duh vxssruwhg e| d +kljk, uhjxodwhg  rru1 Xqghu vxfk flufxpvwdqfhv/
hqhuj| surgxfhuv zloo wu| wr lqfuhdvh grphvwlf vdohv/49 dqg e| hpsor|lqj
eduwhu wkh| fdq vhjphqw wkh grphvwlf iru fdvk dqg iru eduwhu pdunhwv1
Khqfh eduwhu iru ryhusulfhg pdqxidfwxuhv fdq jhqhudwh d ghvluhg sulfh fxw
pd{lpl}lqj surwv iurp wkh O2QYD vhfwru1 Krzhyhu/ wkh txhvwlrq uhpdlqv
dv wr zkhwkhu wkhvh lqfhqwlyhv duh vx!flhqwo| vwurqj dqg frqvlvwhqw iru wkh
frqjxudwlrq ri ehkdylruv uhtxluhg e| wkh yluwxdo hfrqrp| k|srwkhvlv wr eh
vhoi0uhlqiruflqj/ l1h1 wr frpsulvh dq htxloleulxp1
Wkhuh lv dovr d txhvwlrq ri wkh frqvhtxhqfhv ri wkh h{lvwhqfh ri wkh yluwxdo
hfrqrp| iru wkh Uxvvldq wudqvlwlrq1 Vkrxog lw eh frqvlghuhg mxvw d uh hfwlrq
ri d sdvvlqj vwdjh lq d orqj dqg gl!fxow wudqvlwlrq surfhvv/ rqh jhqhudwhg
odujho| e| plvjxlghg srolf| fkrlfhv dqg wkh rswlpdo uhvsrqvh ri hfrqrplf
djhqwv wkhuhwrB Ru lv lw uhsuhvhqwdwlyh ri d pxfk ghhshu sureohp/ dv pxfk
d fdxvh dv d frqvhtxhqfh ri wkh h{wudruglqdu| gl!fxowlhv ri wkh Uxvvldq
wudqvlwlrqB Zh eholhyh wkdw wkh odwwhu lv forvhu wr wkh wuxwk dv wkh urrwv
ri wkh yluwxdo hfrqrp| olh lq wkh lqkhulwhg lqh!flhqflhv dqg ghiruplwlhv
ri wkh Vrylhw lqgxvwuldo dqg idfwru0xvh vwuxfwxuhv1 Wkh yluwxdo hfrqrp|
kdv ehfrph d phdqv ri vxuylydo iru zdvwhixo hfrqrplf dfwlylw|/ uhprylqj wkh
lqfhqwlyhv dqg suhvvxuhv iru wkh udglfdo uhvwuxfwxulqj ri surgxfwlrq dfwlylw|
wkdw lv hvvhqwldo wr vxffhvv ri wkh wudqvlwlrq wr d wrohudeo| zhoo0ixqfwlrqlqj
pdunhw hfrqrp|1 Lw kdv huhfwhg d eduulhu wr lqyhvwphqw lq uhvwuxfwxulqj/
48Wkhuh duh dovr lqfhqwlyhv iru sulfh glvfulplqdwlrq dorqj uhodwlrqdo fdslwdo olqhv zlwklq
wudglwlrqdo lqwhu0hqwhusulvh qhwzrunv1 Vhh Jdgg| dqg Lfnhv +4<<;d,1
49Dowhuqdwlyho|/ wkh| frxog vlpso| vwruh wkh jdv dqg vhoo lw lq wkh ixwxuh li wkh h{shfwhg
jurzwk lq sulfh h{fhhgv wkh pdunhw udwh ri lqwhuhvw1
:ixuwkhu ghod|lqj wkh surjuhvv ri wudqvlwlrq1
Khuh zh ehjlq d irupdo dqdo|vlv ri wklv lvvxh lq d vlpsoh plfurhfrqrplf
prgho ri wkh wzr nh| surgxfwlrq vhfwruv/ hqhuj| +J, dqg pdqxidfwxulqj +P,/
wkhlu lqwhudfwlrq wkurxjk erwk prqhwl}hg dqg eduwhu2rvhw2yhnvhol pdunhwv/
dqg wkh vhoi0lqwhuhvwhg uroh ri wkh jryhuqphqw lq vxssruwlqj wkhlu lqwhudf0
wlrq1 Lq dgglwlrq wr surylglqj d sduwldo htxloleulxp prgho/ zh h{soruh wkh
frqglwlrqv xqghu zklfk qrq0prqhwl}hg lqwhudfwlrq +dnd eduwhu, vxssruwlqj
lqh!flhqw lqgxvwuldo hqwhusulvhv lv dq rswlpdo vwudwhj| iru wkh hqhuj| vhf0
wru/ jlyhq jryhuqphqw lqfhqwlyhv/ dqg wkhq dqdo|}h frqglwlrqv xqghu zklfk
wklv rswlpdo eduwhu uhpryhv lqfhqwlyhv iru h!flhqf| hqkdqflqj/ vxusoxv
pd{lpl}lqj/ dqg riwhq Sduhwr lpsurylqj uhvwuxfwxulqj ri wkh pdqxidfwxulqj
vhfwru1 Wkxv zh wdnh wkh uvw vwhsv wrzdug surylglqj d jhqhudo htxloleulxp
prgho lq zklfk wkh yluwxdo hfrqrp| fdq eh vhhq dv d edg Qdvk htxl0
oleulxp lq frpsdulvrq wr d ixoo| prqhwl}hg dqg pdunhwl}hg htxloleulxp ri d
uhvwuxfwxuhg hfrqrp|1
5 Wkh Prgho1
Zh prgho wkh yluwxdo hfrqrp| dv frqvlvwlqj ri wzr dfwlyh +w|shv ri, djhqwv=
d prqrsrolvw hqhuj| vhfwru +J  cJd}surp*, dqg d pdqxidfwxulqj vhfwru/
P/ frqvlvwlqj ri d frqwlqxxp ri surgxfhuv zlwk glhulqj lqkhulwhg h!flhq0
flhv1 Wkh h!flhqf| ri pdqxidfwxulqj surgxfwlrq lv fdswxuhg e| dq hqhuj|
lqsxw frh!flhqw/ dqg wkh prgho lv h{solflwo| vkruw uxq zlwk {hg xqlw0lqsxw
uhtxluhphqwv xs wr dq h{rjhqrxvo| jlyhq fdsdflw|1 Zh h{solflwo| irfxv rq
wkh hqhuj| pdunhw zkhuh zh prgho wkh ghwhuplqdwlrq ri erwk prqhwl}hg
dqg ceduwhu* htxloleulxp sulfhv dqg txdqwlwlhv> rwkhu pdunhw sulfhv duh wdnhq
dv h{rjhqrxvo| {hg1 Hqwhusulvhv lq P duh sulfh0wdnhuv/ zkloh J l vdp r 0
qrsrolvw zkr fdq glvfulplqdwh ehwzhhq h!flhqw dqg lqh!flhqw pdqxidfwxulqj
hqwhusulvhv14: Wkh jryhuqphqw sduwlflsdwhv lq wkh htxloleuld ri wkhvh pdunhwv
wkurxjk lwv +khuh {hg, fkrlfh ri lqfhqwlyh sdudphwhuv dhfwlqj wkh zloolqj0
qhvv ri J wr hqjdjh lq ceduwhu* dqg khqfh wkh uhvxowlqj wudqvdfwlrq sulfhv dqg
txdqwlwlhv/ wkh vxuylydo udwh ri pdqxidfwxulqj hqwhusulvhv/ dqg wkh uhyhqxhv
dw wkh glvsrvdo ri wkh vwdwh1
Dv d uvw dssur{lpdwlrq/ zh frqvlghu jryhuqphqwdo ehkdylru sdudphwhuv/
lqwurgxfhg lq Vhfwlrq 515 ehorz/ wr eh {hg/ dqg khqfh sduw ri wkh hqylurq0
4:Wklv delolw| frphv iurp ghwdlohg nqrzohgjh ri wkh uljlg surgxfwlrq qhwzrunv dqg wkhlu
sodqqhg hqhuj| uhtxluhphqwv lqkhulwhg iurp wkh Vrylhw Xqlrq1
;phqw idfhg e| wkh dfwlyh djhqwv lq wkh prgho1 Dowkrxjk lwv vxssruw lv fulwlfdo
wr wkh h{lvwhqfh dqg yldelolw| ri wkh yluwxdo hfrqrp|/ zh wdnh wkdw vxssruw
wr eh jlyhq lq wkh sdudphwhuv xvhg khuh wr lq xhqfh wkh lqfhqwlyhv ri J1
Wkhvh sdudphwhuv duh dvvxphg wr uhvxow iurp wkh lqfhqwlyhv ri wkh jryhuq0
phqw wr vxssruw O2QYD pdqxidfwxuhuv wkdw zhuh glvfxvvhg lq wkh Lqwurgxf0
wlrq1 Wkhvh lqfoxgh wkh +lqgluhfw, wd{hv wkdw rshudwlqj/ hyhq li xqsurwdeoh/
upv vwloo sd|/ dqg wkh dyrlgdqfh ri gluhfw dqg lqgluhfw vrfldo dqg hfrqrplf
frvwv ri vkxwgrzq dqg xqhpsor|phqw1 Wkhvh lqfhqwlyhv duh ri frxuvh zhdn0
hqhg zkhq lqgxvwu| xqghuwdnhv vxevwdqwldo uhvwuxfwxulqj/ wkhuhe| lqfuhdvlqj
h!flhqf| dqg wd{deoh uhyhqxhv exw grlqj ohvv iru pdlqwdlqlqj lqgxvwuldo rs0
hudwlrqv dqg hpsor|phqw1 Wkxv wkh vxssruw ri eduwhu dqg uhvwuxfwxulqj duh
wr vrph h{whqw vxevwlwxwhv lq wkh suhihuhqfhv ri wkh jryhuqphqw1 Krz wkh|
lqwhudfw zlwk wkh ghvluh iru wd{ uhyhqxh dqg wkh shufhlyhg qhhg wr pdlqwdlq
fhuwdlq w|shv ri pdqxidfwxulqj fdsdflw|/ uhjdugohvv ri h!flhqf|/ lv wkh vxe0
mhfw ri ixuwkhu lqyhvwljdwlrq dqg prgholqj wkdw jrhv eh|rqg wkh vfrsh ri wklv
sdshu1
514 Pdqxidfwxulqj1
Zh prgho O2QYD upv lq wkh pdqxidfwxulqj vhfwru/ P/ dv wkrvh zdvwhixo lq
wkhlu xvh ri hqhuj|1 Ohw wkh P vhfwru frqvlvw ri d frqwlqxxp ri qrq0dwrplf
sodqwv2hqwhusulvhv/ lqgh{hg s 5
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c hdfk zlwk d olqhdu krprjhqhrxv whfk0
qrorj| dqg hqhuj| lqsxw uhtxluhphqw @s Hdfk kdv wkh fdsdflw| wr xvh dw prvw
 xqlw ri +hqhuj|, lqsxwv iurp J/ wkhuhe| surgxflqj @
3￿
s xqlwv ri rxwsxw1 Ohw
R6 eh wkh pdunhw sulfh ri pdqxidfwxulqj rxwsxw/4; dqg R eh wkh sulfh ri hq0
huj| lqsxwv1 Ohwwlqj #s  s n s eh rwkhu xqlw surgxfwlrq frvwv/ zkhuh 
lv wkh zdjh udwh/ s  xqlw oderu uhtxluhphqwv/ dqg s  fdslwdo/ wd{ dqg
rwkhu ryhukhdg xqlw frvwv/ wkh ixoo xqlw frvw ri rxwsxw ehfrphv= R@s n#s Ohw
sodqwv eh rughuhg e| ghfuhdvlqj hqhuj| h!flhqf|/ l1h1 e| lqfuhdvlqj lqsxw
frh!flhqw/ @sc zkhuh wkh hqhuj| lqsxw frh!flhqw lv sdudphwul}hg dv iroorzv=
@s ' ) n
s
sc s 5

fcs

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Dvvxph wkdw #s ' #c ;sc dqg wkdw sodqwv duh xqlirupo| glvwulexwhg rq
^3/s`14< Wkhq wr surgxfh/ wkh sodqw zlwk lqsxw uhtxluhphqw @s pxvw eh deoh
4;Wklv pljkw eh frqvlghuhg wkh sulfh dw zklfk lpsruw vxevwlwxwhv ehfrph dydlodeoh1
4<Wklv lv lqhvvhqwldo/ exw pdnhv wkh dqdo|vlv pxfk pruh wudqvsduhqw1
<wr fryhu xqlw frvwv=
R6  R@s n # +4,
Wklv lpsolhv R  ER6  #@
3￿
s lv qhfhvvdu| iru wkh hqhuj| lqsxw wr eh sxu0
fkdvhg> iru dq| Rc rqo| pdqxidfwxulqj hqwhusulvhv zlwk @s vx!flhqwo| vpdoo
zloo ghpdqg dq| hqhuj| lqsxw/ dv rqo| wkh| vdwlvi| +4,1 Dv whfkqrorj| lv
olqhdu/ wkh sodqw s zloo xvh hlwkhu  +l1h1 xs wr fdsdflw|, ru f xqlwv ri hqhuj|>
zh zloo dvvxph pd{lpdo rxwsxw/ l1h1 +s ' @
3￿
s iurp 4 xqlw ri hqhuj| lqsxw/
zkhqhyhu wklv frqglwlrq lv vdwlvhg1 Wklv jlyhv dq lqyhuvh ghpdqg ixqfwlrq
iru hqhuj| lqsxwv ri
Es'
R6  #
) n
s
s
 (
3￿Es +5,
zkhuh (ER ghqrwhv wrwdo ghpdqg dw wkh sulfh Rc dqg s lv wkh ohdvw h!flhqw
+pdujlqdo, hqwhusulvh ghpdqglqj d xqlw ri hqhuj| lqsxwv1 Wkdw lv/ Es lv
wkh sulfh dw zklfk hdfk ri wkh hqwhusulvhv h s  s zrxog ghpdqg lwv fdsdflw|
txdqwlw| ri 4/ zkloh hdfk hqwhusulvh zlwk lqgh{ juhdwhu wkdq s zrxog ghpdqg
3 hqhuj| lqsxwv1 Qrwh wkdw
R
R6 lv wkh dprxqw ri pdqxidfwxuhv wkdw pxvw eh
vrog wr sd| iru uhtxluhg hqhuj| lqsxwv/ zkloh
#@
3￿
s
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eh vrog wr fryhu qrq0hqhuj| surgxfwlrq frvwv1 Wkxv d up surgxfhv li dqg
rqo| li
R
R6
n
#@
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s
R6
 @
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s / R@s n #  R6
Hqwhusulvhv zlwk R6 	R @ s n # duh xqdeoh wr sd| iru xqlw frvwv ri sur0
gxfwlrq xqohvv wkh| fdq dyrlg sd|lqj vrph oderu ru fdslwdo frvwv/ ru fdq jhw
d ehwwhu sulfh1 Wklv pljkw eh grqh e| sd|lqj ^	Rwkurxjk eduwhulqj wkhlu
rxwsxw wr J iru wR6 :R 6c vr wkdw ^ '
R
w Wklv eduwhu fdq rqo| uhgxfh hqhuj|
frvwv> rwkhu frvwv pxvw vwloo eh fryhuhg e| vhoolqj rxwsxw E@
3￿
s 
^
R6c eh|rqg
wkh dprxqw
^
R6 uhtxluhg wr sxufkdvh wkh xqlw ri hqhuj| lqsxw/ dw wkh pdunhw
sulfh R6
Khqfh/ hqwhusulvhv s vxfk wkdw Es 	R cru htxlydohqwo| (ER :s csur0
gxfh lqvx!flhqw ydoxh wr fryhu wkhlu frvwv dw suhydlolqj pdunhw sulfhv> wkhlu
rshudwlrq uhgxfhv wkh ydoxh surgxfhg lq wkh hfrqrp| li R lv d frpshwlwlyh
htxloleulxp pdunhw sulfh1 Vxfk hqwhusulvhv/ xqohvv wkh| duh vxevlgl}hg/ zloo
kdyh wr fhdvh surgxfwlrq hyhq li wkh| fdqqrw ixoo| h{lw lq wkh vkruw uxq1 Lw
43dsshduv wkdw Uxvvldq pdqxidfwxulqj lv uhsohwh zlwk vxfk hqwhusulvhv153 Lw lv
dprqj vxfk hqwhusulvhv wkdw wkh vhdufk iru eduwhu dowhuqdwlyhv/ wkdw hhf0
wlyho| udlvh wkh sulfh ri wkhlu rxwsxw deryh R6c lv xujhqw1
51414 Eduwhu154
Zh dvvxph wkdw J/ iurp orqj sulru h{shulhqfh/ nqrzv zklfk hqwhusulvhv2sodqwv
duh vx!flhqwo| surgxfwlyh wr eh deoh wr sd| wkh pdunhw sulfh/ Rc dqg zklfk
zloo fhdvh rshudwlrq li wkh| fdq*w jhw vxevlgl}hg hqhuj| lqsxwv1 J zloo wkxv
uhixvh wr hqjdjh lq vxevlgl}dwlrq wkurxjk eduwhu ri wkrvh lw nqrzv deoh wr sd|1
Wkxv d vx!flhqwo| h!flhqw up fdqqrw hqjdjh lq eduwhu zlwk wkh hqhuj| vhf0
wru1 Rqo| wkrvh hqwhusulvhv xqdeoh wr drug wkh pdunhw sulfh R fdq eduwhu
wkhlu surgxfw iru d cyluwxdo* sulfh wR6c khqfh hhfwlyho| sd|lqj rqo| ^ shu
xqlw ri hqhuj| lqsxw1 Wklv eduwhu dggv wr wkh cghpdqg* iru hqhuj|/ h{sdqglqj
vdohv zlwkrxw fxwwlqj lqwr hhfwlyh prqhwl}hg ghpdqg1 Wkh lqfuhphqw lq
hqhuj| cghpdqg*/ wkdw lv wkh txdqwlw| ri chqhuj|* eduwhuhg iru pdqxidfwxuhv/
wkhq ehfrphv=
(KE^cR'(E^  (ER
Wkh uhgxfwlrq lq lwv uhdo hqhuj| frvwv iurp wkh delolw| wr dftxluh lqsxwv
fkhdso| jhqhudwhv dq lqfuhdvh lq dssduhqw +yluwxdo, ydoxh ri d pdqxidfwxu0
lqj hqwhusulvh*v rxwsxw1 Ohw +6 eh wkh vkduh vrog iru wkh pdunhw +htxloleulxp,
sulfh ri R6/d q g+K eh wkh vkduh eduwhuhg dw dq lpsolflw sulfh wR6 :R 6c
zlwk wrwdo rxwsxw + ' +6 n +K Vlqfh +K lv rqo| xvhg wr dftxluh hqhuj|
lqsxwv/ wR6+K ' R@s+ vr +K '
R
wR6@s+ '
^
R6@s+ '
^
R6 dv + ' @
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+  #+ li eduwhu pdnhv wkh hqwhusulvh yldeoh1 Wklv
53Pdq| duh nhsw dolyh e| lqvwlwxwlrqdo lpshuihfwlrqv vxfk dv wkh odfn ri hhfwlyh
edqnuxswf|1 Lq 4<<:0;/ 73093( ri Uxvvldq pdqxidfwxulqj rshudwhg dw d orvv1 Vhh Uxvvldq
Hfrqrplf Wuhqgv/ :/ 7/ 4<<;= 781 Qrwlfh wkdw suhflvho| ehfdxvh ri wkh cyluwxdo vwudwh0
jlhv* hpsor|hg e| hqwhusulvhv lw lv qrwrulrxvo| gl!fxow wr lqwhusuhw hqwhusulvh qdqfldo
vwdwhphqwv1
54Zh xvh wkh whup eduwhu wr uhihu wr dq| ri wkh txdvl0 dqg qrq0prqhwdu| zd|v ri
lpsohphqwlqj lglrv|qfudwlf sulfhv wkdw ryhuydoxh wkh surgxfw ri O2QYD surgxfhuv dqg
xqghuydoxh wkdw ri wkh ydoxh0dgglqj vhfwruv1 Wklv lqfoxghv wkh xvh ri frpprglw| ru vhuylfhv
edfnhg vfulsw/ yhnvhol/ uh0wudghg surplvvru| qrwhv dqg ghew/ dqg rvhwv/ dv zhoo dv wkh gluhfw
dqg lqgluhfw h{fkdqjh ri surgxfwv dw cyluwxdo* sulfhv +udwhv ri h{fkdqjh,1 Rq wkh pdq|
irupv xvhg/ vhh Dxnxwvlrqhn +4<<;,/ Frppdqghu dqg Pxppvhq +4<<;,/ Srvhu +4<<;, dqg
\dnryohy +4<<;,/ dv zhoo dv dq| ri wkh sdshuv ri Jdgg| dqg Lfnhv1
44jhqhudwhv/ iru w:c yluwxdo uhyhqxhv ri
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@so+ '
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zklfk duh qhfhvvdu| wr dsshdu yldeoh1
Iru wkh uhvw ri wkh sdshu zh zloo qrupdol}h wkh +{hg e| dvvxpswlrq, sulfh
ri pdqxidfwxuhv rxwsxw wr eh  Zkhq R6 ' c wkh pdqxidfwxulqj ghpdqg
iru hqhuj| lqsxw lv
(ER  8ER'

  #  )R
R
2
 +7,
Lw lv d ghfuhdvlqj/ frqyh{ ixqfwlrq ri sulfh zlwk dq hodvwlflw|/
32E￿3#￿
￿3#3)Rc zklfk lv
lqfuhdvlqj lq R +ghfuhdvlqj lq sc l1h1 lq txdqwlw| vrog, dqg juhdwhu +lq devroxwh
ydoxh, wkdq
2
￿
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s
s
￿
s
s
: 2 ^iru doo s  scl1h1 R 
￿3# s
sn)
`1 Wkxv wkhuh lv d zhoo
ghqhg rswlpxp iru wkh J prqrsrolvw vhoolqj wr P1 Wklv ghpdqg ixqfwlrq/
dqg lwv dvvrfldwhg pdujlqdo uhyhqxh fxuyh/ duh looxvwudwhg lq Iljxuh 4 zkhuh
# '  dqg ) ' 2 duh dvvxphg155
Wklv ghpdqg fxuyh uh hfwv wkh zloolqjqhvv wr sd| iru hqhuj| lqsxwv ri wkh
pdqxidfwxulqj vhfwru1 Lw lv wkh wuxh ydoxh ri pdujlqdo surgxfw ri hqhuj| lq
pdqxidfwxulqj/ ghulyhg iurp wkh pdunhw ghpdqg iru pdqxidfwxulqj rxwsxw1
Lw lv uhohydqw iru ghwhuplqlqj wkh txdqwlw| wudqvdfwhg dw dq| uhdo sulfh/
zkhwkhu prqhwdu| ru eduwhuhg1
51415 Uhvwuxfwxulqj1
Dq dowhuqdwlyh wr rshudwlqj zlwk fxuuhqw whfkqrorj| lv wr lqyhvw lq uhvwuxfwxu0
lqj1 Uhvwuxfwxulqj e| hqwhusulvhv lq P lv dvvxphg wr lqyroyh udlvlqj lqyhvw0
phqw ixqgv wkurxjk eruurzlqj ru vxuuhqghu ri htxlw|/ uhtxlulqj rshqlqj wkh
errnv ri wkh hqwhusulvh/ dqg hvwdeolvklqj qhz hfrqrplf uhodwlrqv/ hhfwlyho|
euhdnlqj rxw ri rog uhodwlrqvklsv dqg eduwhu qhwzrunv1 Uhvwuxfwxulqj lqyhvw0
phqw kdv irxu sulpdu| frqvhtxhqfhv1 Iru dq| hqwhusulvh s wkdw uhvwuxfwxuhv=
55Qrwh pdujlqdo uhyhqxh +grwwhg olqh,= U+i,@s+i,  i vr U3+i,@4 =:8
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Iljxuh 4= Pdqxidfwxulqj Ghpdqg iru Hqhuj|
 hqhuj| h!flhqf| ulvhv= e @s 	@ s(
 wkhuh lv d ulvh lq wkh rwkhu xqlw frvwv gxh wr dq lqfuhdvh lq wkh frvw
ri fdslwdo wkdw h{fhhgv dq| vdylqjv lq xqlw frvwv iurp lqfuhdvlqj idf0
wru2lqsxw surgxfwlylw|= e #:# (
 wkh hhfwlyh rxwsxw +txdolw| xqlwv, shu xqlw exqgoh ri lqsxwv lqfuhdvhv=
:(
 wkh rssruwxqlw| wr eduwhu rxwsxw dw pruh idyrudeoh wkdq pdunhw udwhv lv
orvw= qhwzrun uhodwlrqv duh eurnhq dqg qdqfhv ehfrph wudqvsduhqw156
Wkhvh frqvlghudwlrqv duh irupdol}hg dv iroorzv1 Ohwwlqj V:f eh wkh qhw
lqfuhphqw ri rwkhu xqlw frvwv shu h!flhqf| xqlw ri rxwsxw dqg 0 5 Efc
sdudphwul}h wkh uhodwlyh hqhuj|0h!flhqf| jdlq/ zh kdyh e # ' 3￿E# n V dqg
e @s ' 3￿ 
) n 0
s
s

 Wklv jlyhv dq s wkdw uhvwuxfwxuhv d qhz frvw fryhulqj
frqglwlrq
R6  Re @s ne #c +8,
56Wkxv dq| uhvwuxfwxuhg up/ uhjdugohvv ri lwv h!flhqf|/ lv lq wkh vdph srvlwlrq dv d
up wkdw J nqrzv wr eh h!flhqw= lw pxvw uho| rq dupv0ohqjwk pdunhw uhodwlrqv1
46dqg d qhz czloolqjqhvv wr sd|* +ghpdqg sulfh, ri
e Es'
R6  E# n V
) n 0
s
s
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  E# n V
) n 0
s
s
c +9,
dv R6 '  Wkxv wkh uhvwuxfwxulqj rssruwxqlw| lv fkdudfwhul}hg e| wkuhh
{hg sdudphwhuv= i0cVcj Rqo| 0 lqwhudfwv zlwk wkh sulru h!flhqf| ri wkh
hqwhusulvh> wkh rwkhuv duh jlyhq e| wkh fkdudfwhulvwlfv ri wkh whfkqrorj|1
Wklv irupxodwlrq lpsolhv wkdw uhvwuxfwxulqj kdv yhu| olwwoh hhfw rq lql0
wldoo| hqhuj|0h!flhqw +zruog fodvv, hqwhusulvhv/ dqg eulqjv wkh juhdwhvw ehq0
hw wr wkh ohdvw h!flhqw hqwhusulvhv1 Dqrwkhu lpsolfdwlrq lv wkdw wkh uhvwuxf0
wxulqj ri doo hqwhusulvhv zloo uhvxow lq d pruh hodvwlf vhfwrudo ghpdqg iru
hqhuj| dv 0	 Ilqdoo|/ qrwh wkdw/ gxh wr wkh {hg lqfuhdvh lq rwkhu frvwv/
wkh zloolqjqhvv +delolw|, ri vrph hqwhusulvhv/ wkrvh zlwk vx!flhqwo| orz lqgh{
sc wr sd| iru hqhuj| fdq idoo zlwk uhvwuxfwxulqj157 Wklv ghpdqg iru hqhuj|
iurp d uhvwuxfwxuhg pdqxidfwxulqj lqgxvwu| fdq eh vhhq lq Iljxuh 5/ xvlqj
wkh vdph sdudphwhuv dv lq Iljxuh 4/ zlwk 0 ' .cV ' 14/ dqg  '  Qrwlfh
wkdw pdujlqdo uhyhqxh +flufohv, iurp vdohv wr wkh uhvwuxfwxuhg lqgxvwu| dovr
ulvhv +deryh grwwhg PU fxuyh, iru vdohv deryh vrph plqlpdo h s/ dqg khqfh
wkh prqhwl}hg pdunhw fdq h{sdqg gudpdwlfdoo|1
D hqwhusulvh wkdw uhvwuxfwxuhv fdq qr orqjhu hqjdjh lq eduwhu dv lw kdv
eurnhq rog frqqhfwlrqv/ dqg xqghuwdnhq vwurqj frpplwphqwv wr rxwvlghuv1
Hqwhusulvhv wkxv udwlrqdoo| uhvwuxfwxuh rqo| zkhq wkh vxusoxv wkh| uhfhlyh
diwhu uhvwuxfwxulqj/ e rs ' e Re @s  e #c zkhuh e R lv wkh qhz pdunhw sulfh iru
hqhuj|/ lv juhdwhu wkdq wkdw lq lwv devhqfh= rs 'R@s # ru +li lw lv lqlwldoo|
eduwhulqj iru lwv lqsxw, rs '^@s # Rwkhuzlvh wkhuh lv qr uhvwuxfwxulqj
fkrvhq1 Qrwlfh/ krzhyhu/ wkdw zkhq uhvwuxfwxulqj lv wdnlqj sodfh lq vrph
pdqxidfwxulqj upv rwkhu upv pd| qr orqjhu idfh wkh ruljlqdo sulfh R ru
^ dv wkh prqrsrolvw dgmxvwv wr vrph h R lq rughu wr rswlpdoo| h{sorlw wkh
uhvwuxfwxulqj pdunhw1 Wkxv wkh uhohydqw frpsdulvrq/ dw ohdvw iru upv lq wkh
prqhwl}hg pdunhw/ pd| eh ehwzhhq e rs dqg h rs ' h R@s  #c zkhuh h R:R 
51416 Hfrqrplf Ydoxh lq P1
Wr forvh wklv vhfwlrq zh suhvhqw wkh vrfldo vxusoxv jhqhudwhg e| wkh xvh ri
hqhuj| lq wkh pdqxidfwxulqj vhfwru1 Dv wkh vhfwru lv frpshwlwlyh dqg whfkqro0
rj| olqhdu krprjhqhrxv/ hdfk rshudwlqj hqwhusulvh frqwulexwhv ER6  Ss@
3￿
s c
57Z k h w k h uw k l vr f f x u v /d q gi r uz k l f ki> ghshqgv ri frxuvh rq wkh vshflf sdudphwhu
ydoxhv i%>>(j= Wklv lv glvfxvvhg lq Vhfwlrq 6 ehorz1
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Iljxuh 5= Lpsdfw ri Uhvwuxfwxulqj rq Hqhuj| Ghpdqg
zkhuh Ss lv wkh xqlw frvw ri surgxfwlrq lq s wkdw ghshqgv rq wkh csulfh* +R ru
^, sdlg iru hqhuj| lqsxw1 Li d hqwhusulvh grhv qrw rshudwh/ wkhq lw lpsrvhv d
{hg frvw rq vrflhw| ri 58 Wkxv wkh vxusoxv jhqhudwhg e| wkh dfwlylw| ri
wkh xquhvwuxfwxuhg lqgxvwu| zlwk qr eduwhu dqg R6 'lv=
] 8ER￿
f
E  S@s  #@
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s _s  

s  8ER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c
zkhuh S lv wkh vrfldo pdujlqdo frvw ri surylglqj wkh hqhuj| lqsxw1 Li R:S c
wkhq sduw ri wklv vrfldo vxusoxv lv wdnhq dv prqrsro| surw e| wkh hqhuj|
vhfwru1 Zkhq d sruwlrq ri wkh lqgxvwu|/ 8E^  8ERc hqjdjhv lq eduwhu/ wkh
vxusoxv jhqhudwhg ehfrphv=
] 8E^￿
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@
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58Lw lv wkh dyrlgdqfh ri wkhvh frvwv wkdw/ lq sduw/ surylghv wkh uhdvrq iru wkh jryhuqphqw
vhwwlqj lqfhqwlyhv wr hqfrxudjh eduwhu1
48zklfk lv vxuho| juhdwhu dv orqj dv ^  S vr wkdw qr ghvwuxfwlrq ri ydoxh wdnhv
sodfh159 Lq dq| fdvh/ wkh sruwlrq ri wkh vxusoxv uhpdlqlqj zlwk wkh lqgxvwu|/ U 8ER￿
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c lqfuhdvhv
vxevwdqwldoo|1
Uhvwuxfwxulqj surgxfwlrq lq wkh lqgxvwu| ixuwkhu lqfuhdvhv wkh ydoxh fuh0
dwhg lq wkh lqgxvwu|/ lq sduwlfxodu e| vxevwdqwldoo| uhgxflqj wkh qxpehu ri
rshudwlrqv wkdw duh qrw yldeoh dqg khqfh lpsrvh d vrfldo frvw  Wkxv uh0
vwuxfwxulqj lv/ lq sduw/ d vxevwlwxwh iru eduwhu lq wkh h|hv ri wkh jryhuqphqw1
Ohwwlqj e 8ER eh wkh lqgxvwu| ghpdqg iru hqhuj| diwhu uhvwuxfwxulqj ^wkh lq0
yhuvh ri wkh zloolqjqhvv wr sd| ixqfwlrq lq +9,`/ zh jhw
] e 8ER￿
f
E  Se @s e #e @
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s _s  
k
s  e 8ER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c
zkhuh e 8ER :8ER dqg fdq eh juhdwhu hyhq wkdq 8E^c ghshqglqj rq suhflvh
sdudphwhu ydoxhv1 Lq wklv fdvh lw lv wkh odujhvw vrfldo ydoxh wkdw pljkw eh
fuhdwhg e| wkh pdqxidfwxulqj vhfwru1 Zkhq e 8ER 	8E^c wkhuh lv d wudgh0r
ehwzhhq lqfuhdvhg ydoxh surgxfhg lq hdfk up/ dqg wkh frvw vdylqjv iurp wkh
lqfuhdvhg qxpehu ri upv vxuylylqj xqghu eduwhu1 Lq hlwkhu fdvh/ lqglylgxdo
hqwhusulvhv pd| eh ohvv zhoo r/ dv wkh lqfuhdvh lq ghpdqg iurp uhvwuxfwxulqj
doorzv wkh prqrsro| surylghu ri hqhuj| lqsxwv wr udlvh lwv sulfh wr e R1
Lq doo fdvhv/ wkh pd{lpdo vrfldo ydoxh wkdw frxog eh jhqhudwhg iurp hqhuj|
xvh lq pdqxidfwxulqj lv
] 8ES￿
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zlwkrxw uhvwuxfwxulqj/ dqg
] e 8ES￿
f
E  Se @s e #e @
3￿
s _s  
k
s  e 8ES
l
diwhu uhvwuxfwxulqj1 Wkh odwwhu lv hdvlo| vhhq wr eh vxevwdqwldoo| juhdwhu wkdq
wkh iruphu/ dv E  Se @s e #e @
3￿
s : E  S@s  #@
3￿
s iru doo upv wkdw uhvwuxf0
wxuh/ dqg e 8ES   8ES5:
59Hyhq zkhq fAt >wkhuh lv dq lqfuhdvh lq qhw vrfldo ydoxh dv orqj dv wkh orvv lq ydoxh
dgghg lv ohvv wkdq wkh jdlq iurp dyrlglqj vkxwgrzq ri rshudwlrqv/ !^i+t,  i+f,`=
5:Zh surylgh looxvwudwlyh qxpehuv lq wkh frqwlqxdwlrq ri rxu qxphulfdo h{dpsoh ehorz1
49515 Hqhuj|= Jd}surp/ XHV/ hwf1
Wkh hqhuj| vhfwru lv prghoohg dv d xqlwdu| dfwru15; Lw lv wdnhq wr eh d sulfh0
wdnhu lq lqwhuqdwlrqdo pdunhwv/ lwv sulpdu| vrxufh ri vhulrxv uhyhqxh/ dqg d
glvfulplqdwlqj prqrsrolvw lq grphvwlf pdunhwv15< Wkh zruog pdunhw +groodu,
s u l f hr ih q h u j |l qu x e o h vl vRc exw J lv h{sruw0frqvwudlqhg/ e| wudqvsruw
fdsdflw| dqg wkurxjk olfhqvlqj e| wkh jryhuqphqw/ wr d txdqwlw| .E1W k h
frqvwudlqw fdq eh dowhuhg e| wkh jryhuqphqw/ dqg lv dvvxphg wr ghshqg rq
J*v vxssruw iru lqgxvwu| P163 Ohw wkdw vxssruw eh phdvxuhg e| wkh yroxph
ri vdohv2eduwhu/ c dw ehorz pdunhw +l1h1 eduwhu, sulfhv1 Wkxv uhyhqxhv
iurp wkh kdug fxuuhqf| h{sruw pdunhw duh R.E
Wkh grphvwlf pdunhw lv vhjphqwhg lqwr wkrvh zkr fdq sd| fdvk dqg wkrvh
zkr pxvw eduwhu/ zlwk wkh erxqgdu| ghwhuplqhg e| wkh sulfh fkrvhq e| J/
dqg wkh h{whqw ri wkh pdunhw ghwhuplqhg e| J*v fkrlfh ri d eduwhu csulfh* ^
Wkxv J*v wrwdo uhyhqxhv duh64
-ERc^'R.EnR(ERn^(KE^cRc +:,
zkhuh wkh vxevfulsw K lqglfdwhv wkh dprxqw ri hqhuj| eduwhuhg iru pdqxidf0
wxuhg jrrgv1 Wkrvh uhyhqxhv duh/ krzhyhu/ vxemhfw wr wd{dwlrq ohdylqj rqo|
vrph sruwlrq surylglqj kljk0srzhuhg lqfhqwlyhv wr J1 Dvvxph wkdw wkrvh
lqfhqwlyhv frph iurp ohdndjhv iurp kdug fxuuhqf| vdohv/ kR.Ec wkdw duh
ryhuorrnhg +l1h1 lpsolflwo| doorzhg, e| wkh jryhuqphqw/ dqg iurp +d vkduh
5;Zkloh fohduo| dq h{djjhudwlrq/ wklv dvvxpswlrq fdswxuhv wkh vxevwdqwldo pdunhw srzhu
h{huflvhg e| wkh jdv prqrsro|/ Jd}surp/ wkh hohfwulf qhwzrun/ XHV/ wkh slsholqh prqrsro|/
Urvqhiw/ dqg wkh pdmru rlo surgxfhuv vxfk dv Oxnrlo dqg Vlgdqnr1
5<Lq 4<<:/ iru h{dpsoh/ Jd}surp h{sruwhg 58( ri lwv wrwdo surgxfwlrq wr Hxursh/ uh0
fhlylqj 433( fdvk lq uhwxuq/ zkloh 95( ri wrwdo surgxfwlrq zdv vrog grphvwlfdoo| zlwk
fdvk uhfhlswv frqvwlwxwlqj rqo| 48( ri wkh wrwdo1 Wkh uhpdlqghu zhqw wr FLV frxqwulhv
zklfk sdlg fdvk iru 8;( ri gholyhulhv1 Vhh Slqwr hw do1/ +4<<<,1
63Wklv jryhuqphqw srolf| fdq eh ghulyhg dv wkh rswlpdo vroxwlrq ri jryhuqphqw zhoiduh lq
d pruh jhqhudo prgho1 Wkdw zhoiduh zloo ghshqg rq wd{ uhyhqxhv/ wkh xwlolw| ri pdlqwdlqlqj
d odujh pdqxidfwxulqj vhfwru/ wkh gluhfw dqg vrfldo frvwv ri hqwuhusulvh vkxwgrzq/ hwf1
64Zh dvvxph wkdw J rqo| eduwhuv zlwk pdqxidfwxuhuv/ zkloh prqhwdu| vdohv duh wr wkh
hqwluh pdunhw lqfoxglqj vrph pdqxidfwxuhuv1 Wklv uhyhqxh ixqfwlrq lpsolflwo| dvvxphv
wkdw J vhoov doo ri wkh pdqxidfwxuhg jrrgv wkdw lw uhfhlyhv lq eduwhu/ hlwkhu wr rwkhuv ru
wr lwvhoi/ dw wkh pdunhw sulfh/ sp> wkhuhe| jhqhudwlqj dfwxdo uhyhqxh shu xqlw ri eduwhuhg
hqhuj| ri t @
s
￿= Li wkh sulfh kdv wr eh glvfrxqwhg ehorz sp iru uhvdoh ru ixuwkhu eduwhu/
wkhq J*v +pdujlqdo, uhyhqxhv duh ehorz zkdw lv fdofxodwhg ehorz/ uhgxflqj J*v lqfhqwlyh
wr eduwhu zlwk P1
4:ri, diwhu wd{ surwv/ jlyhq e|65
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c
zkhuh  ' (KE^cR dqg ( ' (ER Ilqdoo|/ zh pljkw vxssrvh wkdw wkhuh duh
gluhfw/ qrq0shfxqldu|/ lqfhqwlyhv surylghg e| wkh jryhuqphqw wr hqfrxudjh
vxssruw ri pdqxidfwxulqj wkurxjk orzhu lqsxw sulfhv +eduwhu,> ohw wklv eh
jlyhq e| BEc dqg B lv d sdudphwhu doorzlqj yduldwlrq lq wkh vwuhqjwk ri wklv
lqfhqwlyh166 W k hf r v wi x q f w l r ql vd v v x p h gw rf r q w d l qdo d u j h { h gf r v w /6 +wkh
prgho lv vkruw0uxq,/ dqg d orz/ frqvwdqw pdujlqdo frvw/ S= E''6 n S'
51514 Wkh Prqrsro| Rswlpxp1
Xqghu wkhvh dvvxpswlrqvc J*v rswlpl}dwlrq sureohp lv=
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Dvvxph .E'. n iE  c dqg R.:6 vr wkdw wkh xqlw frvw ri
grphvwlf vdohv lv mxvw S1 Wkhq rswlpl}dwlrq |lhogv IRF*v/
Ek nE  kqRi n B
￿Enq d^
￿E( n  n ^E( n   SE n i o'f
+<,
q dR
￿E(( n RE(  So'f
Wkh lpsdfw ri wkhvh frqglwlrqv/ dqg krz wkh| h{sorlw wkh vhjphqwdwlrq ri wkh
pdunhw duh hdv| wr vhh lq wkh dqdo|wlf h{dpsoh lqwurgxfhg lq wkh sulru vhfwlrq1
Ohwwlqj S 'f .c67 zh fdq h{solflwo| vroyh iru wkh prqrsro| rswlpxp erwk
zlwk dqg zlwkrxw eduwhu dqg zlwk dqg zlwkrxw vshfldo jryhuqphqw lqfhqwlyhv1
Wkh edvlf prqrsro| rswlpxp lv 8ER  2fDc zlwk R  f.2c dv vhhq lq
Iljxuh 61
65Wklv dvvxphv wkdw wkh jryhuqphqw wd{hv dfwxdo uhyhqxhv/ dqg qrw wkh uhyhqxhv wkdw
zrxog kdyh ehhq uhfhlyhg li wkh eduwhuhg rxwsxw kdg dfwxdoo| ehhq vrog dw sulfh s=
66Wklv pljkw eh mxvwlhg lq d pruh jhqhudo prgho e| wkuhdw2suredelolw| ri h{sursuldwlrq
dqg wkhuhiruh orvlqj wkh shfxqldu| lqfhqwlyhv1
67Dqg ljqrulqj ghpdqg iurp rwkhu vhfwruv/ shukdsv ehfdxvh wkhlu pdunhwv duh ixuwkhu
vhjphqwhg dqg J*v pdujlqdo frvwv duh frqvwdqw1
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Iljxuh 6= Prqrsro| Rswlpxp zlwkrxw Eduwhu
Lqwurgxflqj wkh rswlrq wr vhjphqw wkh pdunhw dqg eduwhu hqhuj| wr pdq0
xidfwxuhuv dw d orzhu uhdo sulfh/ doorzv J wr h{sdqg vdohv dqg vhl}h pruh ri
wkh vxusoxv jhqhudwhg e| wkh rshudwlrq ri pdqxidfwxuhuv/ hyhq zlwkrxw dgghg
jryhuqphqw lqfhqwlyhv1 Lq wkdw fdvh/ wkh uvw rughu frqglwlrqv duh=
-(E('S
-￿Ec('S
dv doo ri wkh whupv lqyroylqj wkh sdudphwhuv kcicB gurs rxw ri wkh uvw olqh ri
+<,1 Lq wklv fdvh/ wkh eduwhu vhjphqw ri wkh pdunhw lv looxvwudwhg lq Iljxuh 71
Khuh eduwhu uhgxfhv wkh lqh!flhqf| ri prqrsro|/ dowkrxjk lw pd| gulyh Es
ehorz DWF +ixoo xqlw/ lqfoxglqj dyhudjh {hg/ frvw, ri hqhuj| surgxfwlrq1
Wkh hqhuj| vhfwru/ J/ krzhyhu/ idfhv vwurqj lqfhqwlyhv wr ixuwkhu h{whqg
eduwhu/ gxh wr jryhuqphqw srolf|1 Wkh lqwurgxfwlrq ri lqfhqwlyhv iru eduwhu
hhfwlyho| orzhuv wkh pdujlqdo frvw wr J ri surylglqj hqhuj| wr wkh eduwhu
vhjphqw ri wkh pdunhw1 Lqghhg/ dv lwv ghflvlrq0uhohydqw pdujlqdo frvw/ SE n
i  q3￿ dEk nE  kqRi n B￿Eoc lv ehorz vrfldo pdujlqdo frvwv/ Sc J
pd| qg lw rswlpdo wr vxsso| pdqxidfwxulqj hqwhusulvhv iru zkrp Es 	
Sn 6
’c dqg khqfh wr vxssruw wuxh QYD surgxfhuv1 Wklv fdq eh hdvlo| vhhq lq
wkh IRF*v iru rxu h{dpsoh/
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Iljxuh 7= Eduwhu Rswlpxp zlwkrxw Jryhuqphqw Lqfhqwlyhv
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idk nE  kqoRi n B
￿Ejc
vkrzlqj krz srolwlfdo idfwruv orzhu wkh uhdo pdujlqdo frvw ri vxsso|lqj wr
eduwhu1 Wkh rswlpdo vroxwlrq lq wklv fdvh lv looxvwudwhg lq Iljxuh 8/ zkhuh wkh
srolwlfdoo| ghwhuplqhg pdujlqdo frvwv lq rxu h{dpsoh duh jlyhq e|
￿Ec2fD ' HfDS n f ' +44,
' SE n i 

q
iEk nE  kqRi n B
￿Ej 	S' .c
zkloh wkh uhohydqw pdujlqdo ehqhw lv -￿Ec( : - (E( ^jlyhq e|
c...* olqh deryh wkh c * olqh`1
Khuh wkh prqrsrolvwv rswlpdo ghflvlrqv duh=
iR ' f.2(8ER  ( ' 2fD(^ ' SD.(8E^  8ERn ' H2j
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Iljxuh 8= Eduwhu H{whqvlrq ri Prqrsro| Rswlpxp
Qrwh wkdw doprvw wkuhh txduwhuv ri wkh hqhuj| lqsxwv dftxluhg e| pdqxidf0
wxuhuv duh dftxluhg wkurxjk eduwhu1
Zkhq wkh pdqxidfwxulqj lqgxvwu| uhvwuxfwxuhv/ J orvhv lwv delolw| wr glv0
wlqjxlvk wkh h!flhqw iurp wkh lqh!flhqw dprqj wkh uhvwuxfwxuhg upv/68
dqg khqfh wkh delolw| wr vhjphqw wkh pdunhwv wkurxjk eduwhu1 Wkxv lw idfhv d
vlqjoh pdunhw zlwk ghpdqg jlyhq e| e Esc dqg zloo fkrrvh dq rswlpdo ~e Rc e (j
vxfk wkdw -Ee ('Sc zkhuh
-Ee ('
  E# n V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Lq wkh h{dpsoh zlwk S ' .c"' .cV' c dqg  ' c rswlpdo prqrsro|
hqhuj| vxsso| lv e ( ' 2bf2 :(' 2fDc dqg e Ee ('
￿3E#nV￿
)n0
I
￿2bf2 @ fb. 	
E2fD ' f.2 Wkhvh uhvxowv duh looxvwudwhg lq Iljxuh 91 Wkxv/ lq wklv
h{dpsoh/ wkh prqrsrolvw doorzv vrph jurzwk ri wkh pdunhw/ exw qrzkhuh
qhdu dv pxfk dv zlwk eduwhu/ hyhq zlwkrxw h{wud jryhuqphqw lqfhqwlyhv/ zrxog
doorz1
68Ilupv/ iurp wkh rwkhu shuvshfwlyh/ orvh wkh delolw| wr fuhgleo| glvwlqjxlvk wkhpvhoyhv
dv eduwhu sduwqhuv/ gxh wr wkhlu euhdnlqj rxw ri wkh rog qhwzrunv gxulqj uhvwuxfwxulqj1
Ilupv wkdw gr qrw uhvwuxfwxuh/ krzhyhu/ pdlqwdlq wkhlu rog uhodwlrqvklsv/ lqfoxglqj wkdw
zlwk J1
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Iljxuh 9= Prqrsro| Rswlpxp lq wkh Uhvwuxfwxuhg Lqgxvwu|
51515 Zhoiduh Dqdo|vlv1
Wkh prqrsrol}dwlrq ri wkh hqhuj| vhfwru fohduo| ohdgv wr d orvv ri zhoiduh lq
wkh hfrqrp|/ gxh wr wkh ydoxh ri hqhuj| +lwv ghpdqg sulfh 8ER, ehlqj juhdwhu
wkdq wkh vrfldo frvw ri lwv surylvlrq + S,1 Wklv lv uh hfwhg lq d uhvwulfwlrq lq
hqhuj| xvh lq wkh prqhwl}hg pdunhw/ jhqhudwlqj d ghdgzhljkw orvv ri
] 8ES￿
8ER￿
E  S@s  #@
3￿
s _s c
dqg d prqrsro| uhqw ri ER  S8ER1 Wkh lqwurgxfwlrq ri eduwhu/ krzhyhu/
fdq uhgxfh wklv glvwruwlrq e| surwdeo| +iru J, h{whqglqj vdohv wr d odujhu
qxpehu ri pdqxidfwxulqj hqwhusulvhv1 Lq wkh devhqfh ri vshfldo jryhuqphqw
lqfhqwlyhv lw vxuho| lqfuhdvhv zhoiduh e| fxwwlqj wkh ghdgzhljkw orvv wr
] 8ES￿
8E^￿
E  S@s  #@
3￿
s _s c
zkloh lqfuhdvlqj surwv e| E^Sd8E^8ERo Wkxv sulfh glvfulplqdwlrq fxp
eduwhu fdq eh dq h!flhqf| hqkdqflqj uhvsrqvh wr wkh prqrsro| glvwruwlrq lq
wkh hqhuj| pdunhw lq wklv prgho1
55Krzhyhu/ zkhq wkh jryhuqphqw orzhuv wkh lqfhqwlyh0hhfwlyh pdujlqdo
frvwv +44, ri wkh hqhuj| prqrsrolvw/ sulfh glvfulplqdwlrq wkurxjk eduwhu fdq
gulyh hqhuj| xvh zhoo eh|rqg wkh srlqw dw zklfk vrfldo pdujlqdo frvwv dqg
ehqhwv duh htxdo/ dv lv looxvwudwhg lq Iljxuh 81 Wkhuh wkh vrfldo rswlpxp rf0
fxuv dw Es'./w k d wl vz k h qs ' Sefc zkloh wkh glvfulplqdwlqj prqrsro|
rswlpxp lv 8E^'H2c vr wkdw wkh upv lqgh{hg lq ESecH2o +ryhu 54( ri
wkrvh rshudwlqj, duh wuxo| qhjdwlyh ydoxh0dgghg surgxfhuv1 \hw wkh| dsshdu
wr eh yldeoh/ doehlw fdvk frqvwudlqhg> d pludjh ri wkh yluwxdo hfrqrp|1 Wklv
jhqhudwhv d ghdgzhljkw orvv ri
] 8E^￿
8ES￿
ES@s  E  #@
3￿
s _s c
zkloh lqfuhdvlqj wkh surwv ri wkh hqhuj| prqrsro| e|
U 8E^￿
8ER￿ d^  ￿Ec(o_s
eh|rqg wkh surwv iurp prqhwl}hg vdohv1 Wklv djdlq looxvwudwhv wkh lqfhqwlyh
wkdw wkh prqrsrolvw kdv wr wudqvihu ydoxh wr pdqxidfwxuhuv/ hyhq zkhq wkhuh
lv d qhw vrfldo orvv> lwv sulydwh uhvlgxdo lv wkhuhe| hqkdqfhg1
Zkhq pdqxidfwxulqj uhvwuxfwxuhv/ lw vxhuv wkh ixoo lpsdfw ri wkh prqrsro|
glvwruwlrq1 Wkh ghdgzhljkw orvv lpsrvhg e| prqrsro| uhvwulfwlrq ri rxwsxw
lv
] e 8ES￿
e 8Ee R￿
E  Se @s e #e @
3￿
s _s c
zklfk lv vxevwdqwldoo| juhdwhu wkdq lq wkh ruljlqdo xquhvwuxfwxuhg fdvh1 Lq
rxu qxphulfdo h{dpsoh/ e 8ES'HH :8ES'Sec e 8Ee R'2bf2 :8ER'
2fDc dqg E  Se @s e #e @
3￿
s : E  S@s  #@
3￿
s dv looxvwudwhg lq Iljxuh 51 Lq
dgglwlrq/ prqrsro| uhqwv lqfuhdvh wr Ee R  S e 8Ee R'fbHDH : 2fD2e.S '
fDf.DHc wkh pdunhw prqrsro| uhqwv iurp wkh xquhvwuxfwxuhg lqgxvwu|1 Wkhvh/
krzhyhu/ duh vzdpshg e| wkh uhqwv hduqdeoh iurp eduwhu/ gxh wr wkh vshfldo
lqfhqwlyhv wkdw wkh jryhuqphqw surylghv= fDf.DHn
U ￿H￿2
￿2fD ESD.HDs_s
' fDfHnfHb ' Db. Wkxv djdlq wkhuh lv d vxevwdqwldo glyhujhqfh ehwzhhq
sulydwh dqg vrfldo lqfhqwlyhv/ rqh wkdw fdq eh h{shfwhg wr vwdqg lq wkh zd|
ri vrfldoo| rswlpdo uhvwuxfwxulqj1
6 Htxloleulxp dqg wkh Yluwxdo Hfrqrp| Wuds1
Ohw xv qrz h{soruh lq juhdwhu ghswk wkh htxloleulxp lqwhudfwlrq ehwzhhq
J dqg P/ zkhq hqwhusulvhv lq P kdyh dq rswlrq wr lqyhvw lq vljqlfdqw
56uhvwuxfwxulqj1 Dv dujxhg lq Vhfwlrq 51415/ uhvwuxfwxulqj e| hqwhusulvhv
lq P lqyroyhv lqyhvwphqw/ uhtxlulqj rshqlqj wkh errnv ri wkh hqwhusulvh/
zklfk udlvhv wkhlu hqhuj| h!flhqf| dqg shukdsv dovr oderu h!flhqf| dqg wkh
txdolw|2txdqwlw| ri rxwsxw1 Wklv jlyhv dq hqwhusulvh/ sc wkdw uhvwuxfwxuhv d
qhz frvw fryhulqj frqglwlrq
  Re @s ne # +45,
zkhuh e @s ' 3￿ 
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s
s
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3￿ E# n VcV:fc jhqhu0
dwlqj wkh ghpdqg sulfh iru d uhvwuxfwxuhg hqwhusulvh ri e Es +9,1 Dv dovr
dujxhg wkhuh/ dq hqwhusulvh wkdw uhvwuxfwxuhv fdq qr orqjhu hqjdjh lq eduwhu
vlqfh lw kdv eurnhq rog frqqhfwlrqv/ dqg xqghuwdnhq vwurqj frpplwphqwv wr
rxwvlghuv1
614 P*v Uhvsrqvh wr wkh Uhvwuxfwxulqj Rssruwxqlw|1
Zkhwkhu dq hqwhusulvh fkrrvhv wr uhvwuxfwxuh ghshqgv rq erwk krz lwv gh0
pdqg sulfh/ e Esc fkdqjhv dqg krz wkh sulfh lw lv sd|lqj zloo fkdqjh1 Eh0
fdxvh wkh lpsuryhphqw lq hqhuj| surgxfwlylw| lv dvvxphg lqyhuvho| sursru0
wlrqdo wr lqlwldo h!flhqf|/ wkh ghpdqg sulfh ri wkh prvw h!flhqw up/ s 'f c
zloo ulvh rqo| li E  R6 '    :V cl1h1 wkh lqfuhdvh lq xqlw ydoxh ri
rxwsxw h{fhhgv wkh lqfuhdvh lq xqlw fdslwdo frvwv/ qhw ri rwkhu idfwru lqsxw
vdylqjv1 Vxfk d uhvwuxfwxulqj rssruwxqlw| lv hvvhqwldoo| d ciuhh oxqfk* dqg
zloo eh dvvxphg qrw wr eh dydlodeoh1 Wklv jlyhv d vlpsoh fkdudfwhul}dwlrq ri
wkh fkdqjh lq ghpdqg sulfh=
Ohppd 4 Ohw V: Wkhq/ li wkh| uhvwuxfwxuh/ wkh prvw h!flhqw upv/
s 5 dfc h sc zrxog h{shulhqfh d gurs lq wkh xqlw ydoxh ri +wkhlu zloolqjqhvv
wr sd| iru, hqhuj| lqsxwv/ zkloh wkh ohvv h!flhqw upv/ s 5 Eh scsoc zrxog
eh zloolqj wr sd| pruh iru hqhuj| lqsxwv diwhu uhvwuxfwxulqj1 Wkh ghpdqg
sulfh ri up h s '
q
dE￿3￿￿3Vo)
dVnE￿30￿#3E￿30￿o
r2
uhpdlqv xqfkdqjhg zlwk uhvwuxfwxulqj=
e Eh s'Eh s
Surri1 Wkh irupxod iru h s lv wkh vroxwlrq wr wkh htxdwlrq e Eh s'Eh sc
l1h1
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57Zkhq wkh qxphudwru lv qrqqhjdwlyh/ wkh ghpdqg sulfh iru doo upv pxvw
lqfuhdvh1
Zh zloo vd| wkdw d up/ sc kdv dq lqfhqwlyh wr uhvwuxfwxuh li dqg rqo| li
uhvwuxfwxulqj lqfuhdvhv wkh xqlw ydoxh ri hqhuj| iru lw= e Es :Es Wkxv h s
dqg doo s	h s kdyh qr lqfhqwlyh wr uhvwuxfwxuh/ vr rqo| wkrvh upv s:h s zloo
frqvlghu uhvwuxfwxulqj1 Hdfk vxfk hqwhusulvh udwlrqdoo| ghflghv wr uhvwuxfwxuh
zkhq wkh vxusoxv lw uhfhlyhv diwhu uhvwuxfwxulqj lv juhdwhu wkdq wkdw lq lwv
devhqfh=
e rs :r sc +46,
zkhuh
e rs '  e Re @s e #c
rs '

  R@s  #
  ^@s  # c
ghshqglqj rq zkhwkhu wkh up s k d gd f f h v vw re d u w h ur uq r w 1K h u he R lv wkh
qhz sulfh vhw e| J169 Zh dvvxph wkdw wkh uhvwuxfwxulqj ghflvlrq lv luuhyrfd0
eoh/ exw wdnhq lq fruuhfw dqwlflsdwlrq ri J*v rswlpdo sulflqj uhvsrqvh wr wkh
fkdqjhg ghpdqg wkdw uhvxowv1
Wkh rswlpdo uhvwuxfwxulqj ghflvlrqv/ l1h1 wkh uhdfwlrq ixqfwlrqv/ ri pdq0
xidfwxulqj upv duh vwudljkwiruzdug wr fkdudfwhul}h=
Sursrvlwlrq 4 Ohw e R eh wkh dqwlflsdwhg sulfh ri J lq uhvsrqvh wr uhvwuxfwxu0
lqj e| xvhuv/ R ' Es6  wkh pdunhw sulfh wr wkh xquhvwuxfwxuhg lqgxvwu|/
dqg ohw R ' e Es61
41 Iru doo e Rc qr up s 5 dfc h so zloo fkrrvh wr uhvwuxfwxuh1
51 Iru doo e Rc hyhu| up s 5

h scs6
l
zloo uhvwuxfwxuh li lw pxvw sd| e R hyhq
li lw grhvq*w uhvwuxfwxuh1
61 Iru e R  Rc qr up s 5 dfcs 6o zloo fkrrvh wr uhvwuxfwxuh li qrw grlqj vr
ohdyhv wkh sulfh dw R1
71 Iru e R  Rc doo upv s 5

h scs6
l
zloo uhvwuxfwxuh= e rs  rs +46,1
69Wkh sulfh d pdqxidfwxuhu idfhv diwhu uhvwuxfwxulqj/ e s> pd| ru pd| qrw glhu iurp s>
ghshqglqj rq zkhwkhu/ dqg krz/ J uhvsrqgv wr lwv uhvwuxfwxulqj1
5881 Iru hdfk e R 5 ERcRc wkhuh h{lvwv dq e sR vxfk wkdw e r e sR ' r e sR( l1h1 s	
e sR , e rs 	r s dqg s:e sR , e rs :r s Khqfh wkh qr uhvwuxfwxulqj vhw
ri h!flhqw upv h{sdqgv dv e R lqfuhdvhv/ li qrw uhvwuxfwxulqj ohdyhv wkh
sulfh dw R1
91 Ohw R ' e EsK Xqohvv e R	R c qr s 5 ds6cs Ko zloo fkrrvh wr uhvwuxfwxuh1
Li e R	Rwkhq vrph upv s:s K zloo fkrrvh wr uhqhz rshudwlrq e|
uhvwuxfwxulqj1
Surri1 Sduw 4 krogv dv wkhuh lv/ e| Ohppd 4/ qr lqfhqwlyh iru wkhvh upv
wr uhvwuxfwxuh1 Sduw 5 iroorzv iurp +46, dqg wkh idfw wkdw e Es :Esc ;s 5 
h scs6
l
 Sduw 6 lv d frqvhtxhqfh ri wkh idfw wkdw e ￿Es 	 ￿Es ;s Khqfh
wkh vxusoxv ri doo exw wkh ohdvw h!flhqw up/ s6c lv ohvv diwhu uhvwuxfwxulqj
dqg idflqj R wkdq zkhq idflqj R zlwkrxw uhvwuxfwxulqj1 Iru sulfhv deryh R
doo uhvwuxfwxuhg upv jhqhudwh d vwloo vpdoohu vxusoxv/ zkloh wkrvh qhdu s6
fdqqrw vxuylyh1 Sduw 7 lv vlploduo| fohdu/ dv R@s : e Re @s n V / e rs  rs Wkhvh
fdq eh hdvlo| vhhq iurp wkh uhodwlrqvkls ehwzhhq Es dqg e Es lq Iljxuhv
5/ 9 dqg ;1
Wr vhh Sduw 8/ qrwh wkdw iru e R ' Rc wkhuh lv qr fkdqjh lq wkh vxusoxv
ri h s iurp uhvwuxfwxulqj/ zkloh doo upv s 5

h scs6
l
vwulfwo| jdlq1 Dv e R
lqfuhdvhv deryh R/ wkh vxusoxv ri doo upv ghfuhdvhv/ uhqghulqj wkdw ri h sc dqg
doo s vxfk wkdw e Eh s e Es 	 e R  Rc ohvv wkdq lw zrxog kdyh ehhq zlwk qr
uhvwuxfwxulqj dw R Fohduo| e sR ' e 3￿

e Eh s  e R n R

dqg wkh vhw ri h!flhqw
upv wkdw fkrrvhv qrw wr uhvwuxfwxuh h{sdqgv wr
k
fc e sR
l
 Sduw 9 iroorzv iurp
wkh revhuydwlrq wkdw/ dw e R ' Rc zh kdyh wkh vdph vlwxdwlrq zlwk uhvshfw wr
eduwhulqj upv dv zh kdyh lq Sduw 5 zlwk uhvshfw wr R iru upv ex|lqj rq wkh
prqhwl}hg pdunhw> rqo| wkh ohdvw h!flhqw up pdlqwdlqv lwv +}hur, vxusoxv/
dqg doo rwkhuv jhw d vpdoohu vxusoxv wkdq wkh| zrxog li wkh| frqwlqxh wr eduwhu
zlwkrxw uhvwuxfwxulqj dw wkh udwh ri h{fkdqjh ^ Wkxv qr up/ zlwk dq rswlrq
wr frqwlqxh eduwhulqj/ zrxog frqvlghu uhvwuxfwxulqj/ lpso|lqj d uhwxuq wr wkh
prqhwl}hg pdunhw/ dw dq| e R  R Dv e R gursv ehorz Rc upv rq erwk vlghv ri
sKc lq sduwlfxodu wkrvh s:s K zklfk zlwkrxw uhvwuxfwxulqj frxog qrw rshudwh/
zloo ehjlq wr qg uhvwuxfwxulqj d ghvludeoh rswlrq1
Wklv sursrvlwlrq kdv dv dq lpphgldwh frqvhtxhqfh= wkh rssruwxqlw| wr
vxuylyh wkurxjk eduwhu fuhdwhv d eduulhu wr uhvwuxfwxulqj li J +h1j1 iru
59srolwlfdo uhdvrqv, idlov wr uhvsrqg wr uhvwuxfwxulqj e| dowhulqj lwv whupv ri
wudgh1
Fruroodu| 4 Li e R ' Rc wkhq qr eduwhulqj up zloo fkrrvh wr uhvwuxfwxuh/
xqohvv R :R 
Surri1 Iroorzv lpphgldwho| iurp Sduw 8 ri Sursrvlwlrq 41
Xqghu rxu dvvxpswlrq wkdw V:c wkh frqglwlrq R :Rfdq rqo| krog iru
0 forvh wr 3= 0	
^E￿3#3V￿3)^R
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615 J*v Uhvsrqvh wr wkh Uhvwuxfwxulqj Srvvlelolw|1
Wr fkdudfwhul}h wkh htxloleulxp uhvwuxfwxulqj ghflvlrq/ zh qrz qhhg wr dq0
do|}h wkh rswlpdo uhvsrqvh ri J wr uhvwuxfwxulqj e| lwv xvhuv1 J uhdfwv wr
wkh ghpdqg ixqfwlrq jhqhudwhg e| uhvwuxfwxulqj ghflvlrqv ri upv lq P dqg
fkrrvhv d h{0srvw prqrsro| sulfh1 Wkdw uhvsrqvh ghshqgv qdwxudoo| rq wkh
qxpehu dqg w|sh ri upv lq P wkdw fkrrvh wr uhvwuxfwxuh1 Wkh edvlf fdvhv
duh rxwolqhg lq wkh iroorzlqj=
Sursrvlwlrq 5 Ohwwlqj e E eh wkh uhvwuxfwxuhg ghpdqg sulfh ixqfwlrq/ dqg
e 8E eh lwv lqyhuvh +wkh uhvwuxfwxuhg lqgxvwu|*v ghpdqg iru hqhuj|,/ wkh rswl0
pdo ghflvlrq ri J ghshqgv rq uhvwuxfwxulqj dv iroorzv=
41 Li qr up lq P uhvwuxfwxuhv/ wkh pdunhw dqg eduwhu sulfh0txdqwlw| gh0
flvlrqv ri J uhpdlq xqfkdqjhg1
51 Wkh uhvwuxfwxulqj ri dq| vhw ri P0upv ri phdvxuh }hur kdv qr lpsdfw
rq wkh prqrsro| sulfh ru txdqwlw|1
61 Li doo upv zlwk dq lqfhqwlyh wr uhvwuxfwxuh lq P gr vr/ wkhq qr eduwhu
rffxuv dqg vdohv duh pdgh wr e s:s 6 upv/ zkhuh e s vroyhv
_
_s

s  e Es

' Sc
dqg e R ' e Ee s Ixuwkhu/ e s	s K zloo krog iru 0 vx!flhqwo| odujh16;
6:Lq rxu qxphulfdo h{dpsoh wkh uljkw0kdqg vlgh ri wklv h{suhvvlrq htxdov 3=6<<48< ?%@
=:=
6;%A= 74;7;> lq rxu qxphulfdo h{dpsoh1
5:71 Li vrph vxevhw ri srvlwlyh phdvxuh/ +c ri P0upv uhvwuxfwxuhv/ wkhq
w k hr s w l p d op r q r s r o |s u l f hl vh R 5 de RcRoc dqg ghshqgv rq wkh vl}h dqg
orfdwlrq/ lq lqlwldo h!flhqf| whupv/ ri wkh vhw ri upv wkdw uhvwuxfwxuh1
Wkh pdujlqdo uhvwuxfwxuhg up vxssolhg lv/ e 8Eh R  e sc dqg upv lq +
zlwk e Es  e R duh ljqruhg e| J1 Li e 8Eh R lv ohvv wkdq sKc wkhq sK  e 8Eh R
upv frqwlqxh wr eduwhu dw e ^	e R zkhuh e ^ '  vroylqj d frqglwlrq
vlplodu wr wkdw lq htxdwlrq +43,1
81 Wkhuh h{lvwv d s￿ 	s 6 vxfk wkdw/ li rqo| upv xs wr vrph sW 5 
s￿c e 8Ee R

uhvwuxfwxuh/ wkhq wkh rswlpdo prqrsro| sulfh lv RW ' e EsWc
wkh lqsxw sulfh wkdw holplqdwhv wkh vxusoxv ri wkh pdujlqdo up1 Li
sW 	s ￿ wkhq lw uhpdlqv rswlpdo wr vhoo wr s6 dw wkh lqlwldo sulfh R
Surri1 Wkh uvw dvvhuwlrq lv reylrxv= udlvlqj wkh sulfh uhgxfhv uhyhqxhv
e| pruh wkdq frvwv dv pdqxidfwxuhuv gurs rxw ri wkh pdunhw1 Wkh vhfrqg
iroorzv iurp wkh revhuydwlrq wkdw vxfk uhvwuxfwxulqj kdv qr qrwlfhdeoh lp0
sdfw rq pdunhw ghpdqg1 Wkh wklug dvvhuwlrq lv mxvw wkh frqglwlrq wkdw wkh
pdujlqdo uhyhqxh iurp wkh ghpdqg fxuyh ri wkh uhvwuxfwxuhg lqgxvwu| htxdov
wkh +frqvwdqw, pdujlqdo frvw ri vxsso|lqj wkdw lqgxvwu|1 e s:s K fdq krog
rqo| zkhq pdujlqdo uhyhqxh diwhu uhvwuxfwxulqj dw sK h{fhhgv wkh pdujlqdo
frvw/ Sc ri vxsso|lqj wkh pdunhw1 Qrwh wkdw doo eduwhu lqfhqwlyhv duh orvw lq
vxsso|lqj wkhvh uhvwuxfwxuhg upv1 Wklv frqglwlrq zloo eh wuxh iru doo 0 vxfk
wkdw=
  #  V
2

2) n 0

￿3#3)^
^

k
) n 0

￿3#3)^
^
l2 :S c +47,
dv sK '

￿3#3)^
^
2
 Gluhfw fdofxodwlrq/ xvlqj rxu sdudphwhu ydoxhv/ jlyhv wkh
orzhu erxqg ri 0  ' eHeH1
Wkh irxuwk dvvhuwlrq fdq eh vhhq e| qrwlqj wkdw upv wkdw uhvwuxfwxuh
pryh xs +wr orzhu ?R| frh!flhqwv,/ zkloh wkrvh wkdw zhuh lqlwldoo| pruh
h!flhqw exw grq*w uhvwuxfwxuh duh glvsodfhg orzhu lq wkh h!flhqf| rughulqj1
Ohw sr eh wkh prvw h!flhqw up lq + +dvvxphg wr eh dq lqwhuydo> wkh jhqhu0
dol}dwlrq wr d xqlrq ri lqwhuydov lv vwudljkwiruzdug,1 Lw wkhq glvsodfhv lq wkh
h!flhqf| rughulqj wr sr vxfk wkdw e Esr'Esr Wkh qhz ghpdqg fxuyh
kdv d glvfrqwlqxrxv ulvh lq pdujlqdo uhyhqxh dw sr gxh wr wkh nlqn zkhuh
wkh lqwhuydo ri ohqjwk 8 iurp e E lv sdvwhg wr E Wkhuh duh wzr fdvhv wr
5;frqvlghu= +d, li m+m lv vpdoohu wkdq sr sr/w k h qh R ' R zlwk s6 upv vxssolhg
rq wkh prqhwl}hg pdunhw/ ru h R ' e Esr n m+m zlwk rqo| sr n m+m vr vxssolhg/
ghshqglqj rq zklfk jhqhudwhv juhdwhu surw1 +e, Li m+m lv juhdwhu wkdq srsr
wkhq h R 5 ERc e R zkhuh wkh qhz kljkhu pdujlqdo uhyhqxh htxdov Sc ru zkhuh wkh
glvfrqwlqxlw| +grzqzdug, furvvhv S dw sr n m+m
Wr vhh dvvhuwlrq 8/ qrwh wkdw wkhuh h{lvwv dq s￿ vxfk wkdw
k
e Es
￿  S
l
s
￿ 'd Es6  Sos6
Iru sW :s ￿c wkh okv ri wklv h{suhvvlrq jurzv +g - : fc khqfh lw sd|v
wr pdlqwdlq wkh kljkhu sulfh hyhq li vhoolqj wr ihzhu wkdq s6 Dv pdujlqdo
uhyhqxh h{fhhgv pdujlqdo frvw/ sW lv vxssolhg dw wkh kljkhvw sulfh pdlqwdlqlqj
wkdw ghpdqg1 Iru sW 	s ￿c surwv duh juhdwhu iurp h{sdqglqj wkh pdunhw wr
s6
Uhpdun 4 Dowkrxjk qrw qhfhvvdu|/ lw vlpsolhv wkh dujxphqw wr dvvxph wkdw
jryhuqphqw lqfhqwlyhv +wkh sdudphwhuv kcBci duh vhw vxfk wkdw sK : e sc l1h1
wkh ohdvw h!flhqw up vxuylylqj rq eduwhu lv ohvv h!flhqw wkdq wkh pdujlqdo
up vxssolhg rq wkh pdunhw diwhu lwv uhvwuxfwxulqj1 Lqghhg/ lq rxu dqdo|wlf
h{dpsoh sK ' H2 lv vxevwdqwldoo| juhdwhu wkdq e s ' 2bf2 :s 6 ' 2fD
Wkhvh uhvxowv uhlqirufh wkh fruroodu| wr Sursrvlwlrq 41 Wkh| vkrz wkdw wkh
sulfh ri hqhuj| zloo qhyhu idoo ehorz R xqohvv wkhuh duh h{wudruglqdulo| odujh
h!flhqf| jdlqv wr uhvwuxfwxulqj1 Wkxv/ e R u h p d l q vq h d ur ud e r y hRc uhqghulqj
uhvwuxfwxulqj xqghvludeoh iru doo upv hqjdjhg lq/ dqg vxevlgl}hg wkurxjk/
eduwhu1
616 Htxloleulxp zlwk Srvvleoh Uhvwuxfwxulqj1
Zh duh qrz lq d srvlwlrq wr frqvlghu wkh htxloleulxp ri wkh lqwhudfwlrq eh0
wzhhq J dqg wkh frqwlqxxp ri qrqdwrplf upv lq P1 Zh ehjlq iurp dq
lqlwldo htxloleulxp/ dv fkdudfwhul}hg lq Vhfwlrq 5 dqg looxvwudwhg lq Iljxuhv 6
dqg 8/ zkhuh qr pdqxidfwxulqj upv kdyh |hw uhvwuxfwxuhg/ dqg dvn zklfk
upv zrxog fkrrvh wr gr vr1
Irupdoo|/ wkhuh duh wkuhh vwdjhv wr wkh lqwhudfwlrq1 Iluvw/ P0upv vl0
pxowdqhrxvo| dqg lqghshqghqwo| fkrrvh wr uhvwuxfwxuh ru qrw1 Uhvwuxfwxulqj
lv dq luuhyhuvleoh ghflvlrq/ frpplwwlqj wkh up wr d qhz whfkqrorj| dqg wr
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Iljxuh := Vlpsolhg Uhvwuxfwxulqj Jdph Wuhh
dedqgrqlqj doo eduwhu qhwzrunv1 Lq wkh vhfrqg vwdjh/ diwhu revhuylqj wkh uh0
vwuxfwxulqj ghflvlrq ri doo pdqxidfwxuhuv/ J vhohfwv d prqhwl}hg sulfh fkdujhg
wr doo upv rq wkh rshq pdunhw/ dqg dq rswlpdo eduwhu sulfh iru wkrvh upv lq
wkh eduwhu qhwzrun wkdw glg qrw uhvwuxfwxuh1 Ilqdoo|/ P0upv fdq hlwkhu sur0
gxfh/ dftxlulqj lqsxwv wkurxjk sxufkdvh ru eduwhu +li wkh| suhylrxvo| eduwhuhg
dqg grq*w uhvwuxfwxuh,/ ru fhdvh surgxfwlrq gxh wr lqdelolw| wr fryhu frvwv1
Wkh fkrlfh wr uhvwuxfwxuh lv pdgh nqrzlqj wkdw J kdv d qdo pryh lq zklfk
lw zloo vhw d sulfh rswlpdoo| h{sorlwlqj wkh uhvwuxfwxulqj ghflvlrq1 Wkxv upv
lq P/ lq fkrrvlqj zkhwkhu wr uhvwuxfwxuh/ zloo wdnh lqwr dffrxqw wkh rswlpdo
sulflqj ghflvlrq ri J/ zklfk dhfwv wkhlu yldelolw| lq surgxfwlrq1 Wkh jhq0
hudo vwuxfwxuh ri wkh lqwhudfwlrq lq whupv ri up cw|shv* lv looxvwudwhg lq wkh
vlpsolhg jdph wuhh lq Iljxuh :1
Dv Sursrvlwlrq 5 vkrzv/ li doo pdqxidfwxuhuv uhixvh wr uhvwuxfwxuh/ wkh
rswlpdo uhvsrqvh ri wkh prqrsrolvw lv wr pdlqwdlq wkh glvfulplqdwlqj sulfhv
ERc^ Krzhyhu/ dw wkrvh sulfhv/ hyhu| up rq wkh prqhwl}hg pdunhw kdv
dq lqglylgxdo lqfhqwlyh wr uhvwuxfwxuh/ dowkrxjk lq pdq| fdvhv wkrvh upv
hqjdjlqj lq eduwhu zrxog jlyh xs wrr pxfk e| uhvwuxfwxulqj/ dqg vr dyrlg lw1
Wklv revhuydwlrq jlyhv d uvw vlpsoh htxloleulxp uhvxow=
Sursrvlwlrq 6 Ohw wkh lqlwldo htxloleulxp lq wkh pdqxidfwxulqj lqgxvwu| eh
63is6cRjc l 1 h 1 d o od f w l y h u p ve x |d ww k hp d u n h ws u l f hR dqg qr upv duh
vxssruwhg wkurxjk eduwhu1 Wkhq doo P0upv s 5

h sc e s
l
zloo uhvwuxfwxuh/
jlylqj htxloleulxp
q
e sce R
r
zlwk e s:s 6 dqg e R	R 
Surri1 Wkh uhvxow lv reylrxv iurp Iljxuhv 9 dqg ;1 Sduw 6 ri Sursrvlwlrq
5 jlyhv wkh qhz prqrsro| rswlpxp iru J1 Sduw 7 ri sursrvlwlrq 4 wkhq
vkrzv wkdw doo lqlwldoo| dfwlyh upv/ s 5

h scs6
l
zloo rswlpdoo| fkrrvh wr
uhvwuxfwxuh/ zkloh vrph lqlwldoo| lqdfwlyh upv/ s 5

s6c e s

c f d qp d n hd
vwulfw surw e| uhvwuxfwxulqj dqg surgxflqj1 Wkh pdqxidfwxuhu e s mxvw euhdnv
hyhq zkhq surgxflqj zlwk hqhuj| sulfh e Rc dqg vr dovr hqwhuv wkh pdunhw/
zkloh upv s 5

e scs
l
uhpdlq lqdfwlyh1
Li rqo| wkrvh upv lqlwldoo| rq wkh prqhwl}hg hqhuj| pdunhw uhvwuxfwxuh/
vr wkdw wkh prqrsro| sulfh ehfrphv R/ wkhq hyhu| vxfk up orvhv vrph ri wkh
vxusoxv wkdw lw ruljlqdoo| kdg/ dqg lv zruvh r wkdq li qrqh kdg uhvwuxfwxuhg1
Khqfh/ li pdqxidfwxulqj upv zhuh deoh wr h{solflwo| frrshudwh/ wr frrugl0
qdwh wkhlu uhvwuxfwxulqj ghflvlrqv/ wkhq doo wkh upv lq wkh prqhwl}hg pdunhw
zrxog eh ehwwhu r e| uhixvlqj +froohfwlyho|, wr uhvwuxfwxuh1 Exw wkrvh zkr
idlo wr uhvwuxfwxuh zkhq rwkhuv gr vr/ xqohvv wkh| duh vdiho| lq wkh eduwhu
qhwzrun/ vxhu dq hyhq juhdwhu orvv dqg uxq wkh ulvn ri ehlqj irufhg wr fhdvh
surgxfwlrq/ zkloh dq| up wkdw uhvwuxfwxuhv dorqh/ zkhq rwkhuv idlo wr gr
vr/ uhdsv d zlqgidoo dv surgxfwlylw| vrduv dqg wkh sulfh ri hqhuj| uhpdlqv dw
R1 Wkxv dq| up rq wkh prqhwl}hg pdunhw kdv dq lqglylgxdo lqfhqwlyh wr
uhvwuxfwxuh uhjdugohvv ri zkdw wkh rwkhu pdqxidfwxulqj upv gr1 Krzhyhu/
xqohvv uhvwuxfwxulqj lv skhqrphqdoo| surgxfwlyh +e R	R, e s	s K dv lq sduw
9 ri Sursrvlwlrq 4,/ qr up lq wkh eduwhu qhwzrun zloo kdyh dq lqfhqwlyh
wr uhvwuxfwxuh1 Wklv jlyhv d eduwhu eduulhu wr uhvwuxfwxulqj dv d vxejdph
shuihfw Qdvk htxloleulxp1
Sursrvlwlrq 7 Ohw 0 eh vxfk wkdw e s	s K Wkhq wkhuh h{lvwv d vxejdph shuihfw
Qdvk htxloleuld ri wklv Hqhuj|0Pdunhw Uhvwuxfwxulqj Jdph vxfk wkdw=
41 Doo upv s 5

h scs6

fkrrvh wr uhvwuxfwxuh/ exw qr upv lq dfc h so ^
ds6cso fkrrvh wr gr vr1 Wkh htxloleulxp lv is6cs K(Rc^jc zkhuh R '
e Es6
6451 Wkhuh h{lvwv dq rshq vhw ri E0cVc vxfk wkdw qr up hqjdjlqj lq eduwhu
zrxog fkrrvh wr uhvwuxfwxuh dw htxloleulxp= e rs  rs
Surri1 Wkh uvw wklqj wr qrwlfh lv wkdw qr up s 5 dfc h so zloo fkrrvh
wr uhvwuxfwxuh/ uhjdugohvv ri wkh sulfh J fkdujhv/ dv iru wkhp uhvwuxfwxulqj
orzhuv wkh hfrqrplf h!flhqf| ri wkhlu xvh ri hqhuj| ^Sursrvlwlrq 4/ sduw 4`1
Ixuwkhu/ Fruroodu| 4 dqg Sursrvlwlrq 4/ sduw 9 lpso| wkdw qr up s 5 ds6cso
zrxog hyhu fkrrvh wr uhvwuxfwxuh dv orqj dv wkh frqglwlrq rq 0 lv phw> iru
s 5 ds6cs Ko wrr pxfk lv orvw lq jlylqj xs wkh vxevlg|/ zkloh iru s  sK wkh
frqglwlrq rq 0 phdqv uhvwuxfwxulqj idlov wr udlvh surgxfwlylw| vx!flhqwo| wr
fryhu wkh frvwv ri surgxfwlrq1 Wkxv wkh rqo| upv zklfk pljkw uhvwuxfwxuh
lq htxloleulxp duh wkrvh s 5

h scs6

zkr duh dfwlyh rq wkh prqhwl}hg hqhuj|
pdunhw1
Qh{w qrwh wkdw J vroyhv dq rswlpl}dwlrq sureohp dw wkh qdo vwudwhjlf
vwdjh ri wkh jdph/ l1h1 lq doo surshu vxejdphv/ lqvxulqj vxejdph shuihfwlrq
ri dq| Qdvk htxloleulxp1 E| Sursrvlwlrq 5/ sduw 5/ J zloo qhyhu uhvsrqg wr d
vlqjoh up*v uhvwuxfwxulqj ghflvlrq/ exw rqo| wr zkdw d vhw ri pdqxidfwxulqj
upv ri srvlwlyh phdvxuh grhv1 Sursrvlwlrq 5/ sduw 8 wkhq lpsolhv wkdw wkh
rswlpdo sulfh vhw e| J lv RW  R ' e Es6 li dq| lqwhuydo ri wkh upv lq 
h scs6

uhvwuxfwxuhv1 Wkxv dq| up wkdw uhvwuxfwxuhv lq wkdw lqwhuydo vxhuv
d orvv uhodwlyh wr wkh fdvh zkhuh qr pdqxidfwxulqj up uhvwuxfwxuhv= e rs  rsc
zlwk htxdolw| kroglqj rqo| dw wkh ohdvw h!flhqw erxqgdu| ri wkh lqwhuydo/ sW
Exw hyhu| up wkdw idlov wr uhvwuxfwxuh zkhq wkh prqhwl}hg sulfh ulvhv wr RW
vxhuv dq hyhq juhdwhu orvv1 Lqghhg/ vlqfh qr up rq wkh prqhwl}hg pdunhw
fdq lqglylgxdoo| dhfw wkh sulfh lw sd|v/ Sursrvlwlrq 4/ sduw 5 vkrzv wkdw
lw zloo dozd|v fkrrvh wr uhvwuxfwxuh= li rwkhu pdqxidfwxuhuv uhvwuxfwxuh/ lw
pxvw gr vr wr pdlqwdlq surwdelolw| ERWe @s ne #	R W@s n #c zkloh li rwkhuv
grq*w/ lw uhdsv d zlqgidoo ERE@s e @snE # e # Wkxv uhvwuxfwxulqj lv d
grplqdqw vwudwhj| iru pdqxidfwxulqj upv rq wkh prqhwl}hg pdunhw> wkh
pruh h!flhqw lqfuhdvh wkhlu vxusoxv/ zkloh wkh ohvv h!flhqw lq

h scs6

dyrlg
fhdvlqj rshudwlrq1 Dv d frqvhtxhqfh ri doo s 5

h scs6

uhvwuxfwxulqj/ J zloo
vhw d prqhwl}hg pdunhw sulfh ri RW ' R +Sursrvlwlrq 5/ sduw 7, dv looxvwudwhg
lq Iljxuh ;1 Ilupv lq

s6cs

c lqfoxglqj wkrvh rshudwlqj rq eduwhu/ zloo qrw
uhvwuxfwxuh +Sursrvlwlrq 4/ sduw 9,/ dqg zloo frqwlqxh wr idfh d eduwhu sulfh/
^c zklfk uhpdlqv rswlpdo iru J dv wkh ryhudoo txdqwlw| ri hqhuj| vrog rq wkh
prqhwl}hg pdunhw grhvq*w fkdqjh +vhh Vhfwlrq 51514/ hvshfldoo| htxdwlrq +43,,1
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Iljxuh ;= Uhvwuxfwxulqj Lqfhqwlyhv rq Pdunhw
Sduw 5 lv reylrxv iurp rxu dqdo|wlf irupv1 Wkh frqvwudlqwv rq 0cVc duh
fohduo| rshq dqg vdwlvhg e| lqwhuydov ri ydoxhv= 0 5 E0cc zkhuh 0 vdwlvhv
+47,>    	V 
Uhpdun 5 Fohduo|/ jlyhq wkdw qr up rq eduwhu zloo uhvwuxfwxuh/ doo pdq0
xidfwxuhuv rq wkh prqhwl}hg pdunhw zrxog eh ehwwhu r qrw uhvwuxfwxulqj=
rs : e rsc ;s 5

h scs6

 Exw wkh| pxvw doo +exw iru d vhw ri phdvxuh }hur,
dyrlg uhvwuxfwxulqj lq rughu iru J wr rswlpdoo| pdlqwdlq wkh orzhu sulfh
R	R Wkxv wkh uvw vwdjh lqwhudfwlrq dprqj pdqxidfwxuhuv rq wkh prqh0
wl}hg pdunhw kdv wkh qdwxuh ri d Sulvrqhuv* Glohppd1 Wkdw lv qrw wkh fdvh
iru upv lq wkh eduwhu qhwzrun dv wkhlu uhvwuxfwxulqj ghflvlrq/ e| iruflqj h{lw
iurp wkh qhwzrun/ gluhfwo| dhfwv wkh sulfh wkh| idfh/ uhprylqj wkh froohfwlyh
dfwlrq sureohp1
Wkxv zh vhh wkdw wkhuh duh htxloleuld lq zklfk qr up/ douhdg| hqjdjhg lq
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Iljxuh <= Eduwhu dqg Uhvwuxfwxulqj
eduwhu dv d urdg wr yldelolw|/ zrxog fkrrvh wr dedqgrq wkh eduwhu qhwzrun dqg
uhvwuxfwxuh1 D w|slfdo vlwxdwlrq lv ghslfwhg/ xvlqj rxu h{dpsoh*v sdudphwhu
ydoxhv/ lq Iljxuh <1 Iru wkhvh upv/ uhvwuxfwxulqj dqg ex|lqj hqhuj| dw e R
jlyhv d idu vpdoohu vxusoxv +vkdghg, wkdq wkdw +rxwolqhg, iurp vwlfnlqj zlwk
wkh eduwhu qhwzrun1
Dv d uhvxow ri jryhuqphqw lqfhqwlyhv/ wkhuh lv mxvw wrr odujh d vxusoxv
jhqhudwhg e| eduwhu wr eh ryhufrph e| uhvwuxfwxulqj/ zlwklq wkh erxqgv zh
kdyh sodfhg rq wkh uhvwuxfwxulqj sdudphwhuv1 Krzhyhu/ li wkh lpsdfw ri uh0
vwuxfwxulqj lv vx!flhqwo| vwurqj/ l1h1 li  lv odujh hqrxjk ru 0 dqg2ru V vpdoo
hqrxjk/ wkhq upv fdq eh hqwlfhg iurp eduwhu wkurxjk uhvwuxfwxulqj1 Lq dg0
glwlrq/ li wkh jryhuqphqw uhpryhv wkh lqfhqwlyhv wr J wr vxssruw eduwhu ^vhh
Vhfwlrq 51514`/ wkhq wkh eduwhu sulfh ri hqhuj| zloo eh kljkhu/ dqg uhvwuxf0
wxulqj ehfrphv d pxfk pruh ghvludeoh rswlrq iru lqh!flhqw pdqxidfwxulqj
upv1 Wkdw dorqh/ krzhyhu/ lv vwloo lqvx!flhqw wr lqgxfh upv wr ohdyh eduwhu
67qhwzrunv xqohvv uhvwuxfwxulqj lv vr hhfwlyh wkdw e s   sf
K +l1h1/ wkh pdujlqdo
up rshudwlqj rq eduwhu lq wkh devhqfh ri jryhuqphqw lqfhqwlyhv,1 Qrwlfh
dovr/ wkdw zkhq eduwhulqj upv uhixvh wr uhvwuxfwxuh/ J f d qu d l v hw k hs u l f hw r
wkrvh upv wkdw gr uhvwuxfwxuh wr R/ uhgxflqj wkhlu lqfhqwlyh wr gr vr h{0srvw1
Krzhyhu/ li dq| up idlov wr uhvwuxfwxuh zkloh rwkhuv gr vr/ ohdglqj wr d sulfh
juhdwhu wkdq Rc lw orvhv vxevwdqwldoo| pruh1
Xqghu glhulqj dvvxpswlrqv derxw pdqxidfwxuhuv* h{shfwdwlrqv dqg delo0
lw| wr frruglqdwh uhvwuxfwxulqj/ dqg2ru wkh delolw| ri J wr glvwlqjxlvk dprqj
pdqxidfwxuhuv/ wkhuh zrxog vhhp wr eh pdq| rwkhu htxloleuld dovr1 Exw wkh
uhvxow/ wkdw upv jdlqlqj iurp eduwhu zrxog uhixvh wr uhvwuxfwxuh/ vhhpv
urexvw16< Lqghhg/ Sursrvlwlrq 6 vkrzv wkdw/ zlwkrxw wkh rswlrq ri yluwxdo
hfrqrp| eduwhu/ doo upv zrxog fkrrvh vrfldoo| h!flhqw uhvwuxfwxulqj1 Zkhq
wkh yluwxdo hfrqrp| lv dydlodeoh wr lqh!flhqw upv/ rqo| vxevwdqwldo fkdqjhv
lq jryhuqphqw ru J0vhfwru srolflhv fdq gudz wkh upv rxw ri eduwhu qhwzrunv1
Li wkh jryhuqphqw uhpryhv lwv lqfhqwlyhv iru eduwhu/ dqg2ru J orvhv wkh delo0
lw| wr glvfulplqdwh dprqj xvhuv/ wkh lqfhqwlyhv wr uhvwuxfwxuh zrxog ehfrph
grplqdqw iru upv lq eduwhu qhwzrunv1 Wkh yluwxdo hfrqrp| wkxv srvhv d
vxevwdqwldo eduulhu wr wkh vxffhvvixo wudqvirupdwlrq ri wkh Uxvvldq hfrqrplf
v|vwhp1
7 Frqfoxvlrq
Wklv sdshu ehjlqv dq dqdo|wlf h{sorudwlrq ri wkh yluwxdo hfrqrp| k|srwkhvlv1
Lw kdv surylghg d vwdwlf sduwldo0htxloleulxp prgho ri d fhqwudo frpsrqhqw
ri wkdw k|srwkhvlv  wkh wudqvihu ri ydoxh iurp d surgxfwlyh vhfwru wr orvv0
pdnhuv/ jlylqj wkhp wkh dsshdudqfh +d yluwxdo uhdolw|, ri pdunhw yldelolw|1
Wkxv lw kdv ehjxq wkh ghyhorsphqw ri frqvlvwhqw plfur0irxqgdwlrqv vxssruw0
lqj wkh ehkdylru dvvxphg lq pruh pdfur0rulhqwhg dqdo|vhv ri wkh yluwxdo
hfrqrp| vxfk dv Jdgg|0Lfnhv +4<<;e/ 4<<<,1
Wkh dqdo|vlv surylghv d uhdvrq wr vxssrvh wkdw wkh Uxvvldq yluwxdo hfrq0
rp| uh hfwv d vwdeoh v|vwhplf frqjxudwlrq ri hfrqrplf ehkdylruv/ dw ohdvw
6<Lw lv/ iru h{dpsoh/ hdv| wr vkrz wkdw/ li J fdq revhuyh dqg uhvsrqg wr dq lqglylgxdo
up*v lvrodwhg uhvwuxfwxulqj e| udlvlqj wkh sulfh ri hqhuj| wr wkdw up/ wkhq wkh xqltxh
shuihfw htxloleulxp lqyroyhv doo pdqxidfwxulqj upv uhixvdo wr uhvwuxfwxuh1 Wklv pljkw uh0
 hfw d vlwxdwlrq lq zklfk J lv xqghu suhvvxuh e| wd{ dxwkrulwlhv wr lqfuhdvh fdvk froohfwlrqv
+dv lq 4<<:0;,/ dqg vr mxpsv rq dq| up vkrzlqj d glvfuhwh lqfuhdvh lq surwdelolw|1
68li djhqwv krul}rqv duh vx!flhqwo| vkruw173 Lw kdv dovr lqwurgxfhg d pruh
irupdo zhoiduh dqdo|vlv ri wkh ehqhwv dqg frvwv ri wkh ixqfwlrqlqj ri wkh
yluwxdo hfrqrp|/ irfxvvlqj lq sduwlfxodu rq dq lqgluhfw vwuxfwxudo frvw 
wkh eduulhu lw huhfwv wr wkh uhvwuxfwxulqj ri O2QYD hqwhusulvhv1 Lw surylghv
d urexvw h{dpsoh/ dqg vrph pruh jhqhudo frqglwlrqv/ vxfk wkdw lqyroyhphqw
lq d eduwhu qhwzrun frxqwhudfwv dq| lqfhqwlyh wr hqjdjh lq surgxfwlylw|0
hqkdqflqj uhvwuxfwxulqj ri lqgxvwuldo surfhvvhv1 Khqfh eduwhu/74 zklfk/ dv
vkrzq lq rxu vlpsoh prgho/ fdq eh zhoiduh hqkdqflqj jlyhq lqkhulwhg vwuxf0
wxudo glvwruwlrqv lq wkh uhohydqw +lq wkh prgho  hqhuj|, pdunhw/ fdq dovr
surylgh d vwurqj lqfhqwlyh wr lqglylgxdo surgxfhuv wr dyrlg lqyhvwphqw lq
surgxfwlylw| hqkdqflqj uhvwuxfwxulqj1
Wkxv wkh yluwxdo hfrqrp| srvhv dq revwdfoh wr wkh ixqgdphqwdo uhvwuxf0
wxulqj ri lqgxvwuldo fdsdflwlhv wkdw lv hvvhqwldo iru fuhdwlqj upv wkdw duh
yldeoh lq d pdunhw hfrqrp|1 E| vxevwdqwldoo| uhgxflqj lqfhqwlyhv iru lq0
yhvwphqw lq uhvwuxfwxulqj/ wkh yluwxdo hfrqrp| surylghv d vwuxfwxudo dqg
lqvwlwxwlrqdo eduulhu wr Uxvvld*v vxffhvvixo wudqvlwlrq wr d prghuq pdunhw
hfrqrp|1 Wkhuhlq olhv d vljqlfdqw sduw ri wkh h{sodqdwlrq ri wkh dqrpdolhv
ri wkh Uxvvldq wudqvlwlrq glvfxvvhg lq wkh lqwurgxfwlrq1
Ri frxuvh/ zh kdyh rqo| ehjxq wr vfudwfk wkh vxuidfh ri d yhu| frpsoh{
lvvxh1 Wkhuh duh rwkhu fulwlfdo vhfwruv wr lqfrusrudwh lq d frpsohwh prgho
ri wkh skhqrphqrq/ lqfoxglqj wkh exgjhw vhfwru dqg h{solflw ghulydwlrq ri
jryhuqphqw srolf| sdudphwhuv dv rswlpdo ghflvlrqv/ d krxvhkrog vhfwru dfwlyh
rq erwk oderu dqg frqvxphuv* jrrgv pdunhwv/ dqg wkh lpsruwdqw lqwhudfwlrq
gxulqj wudqvlwlrq zlwk d iruhljq vhfwru/ wkh uhvw ri wkh zruog1 Lqfrusrudwlqj
vxfk vhfwruv zrxog doorz pruh dghtxdwho| dgguhvvlqj wkh uroh ri wd{ dqg
zdjh duuhduv dqg rvhwv/ rwkhu irupv ri lqyroxqwdu| fuhglw surylvlrq/ dqg
wkh lpsdfw ri lpsruw frpshwlwlrq/ h{sruw rssruwxqlwlhv dqg h{fkdqjh udwh
yduldwlrq rq wkh rshudwlrq ri wkh yluwxdo hfrqrp| dqg lwv lqwhudfwlrq zlwk
lqgxvwuldo uhvwuxfwxulqj1
Lq dgglwlrq/ wkhuh duh idvflqdwlqj lvvxhv ri wkh g|qdplf vwdelolw|/ ghyho0
rsphqw/ dqg hyhqwxdo ghfd| ri wkh yluwxdo hfrqrp| dv d orfdo htxloleulxp
lq wkh wudqvlwlrq surfhvv1 Zh h{shfw wkh yluwxdo hfrqrp| wr eh/ xowlpdwho|/
d sdvvlqj skhqrphqrq/ exw rqh zlwk d vxevwdqwldo kdoi0olih1 Lw lv dq rxw0
jurzwk ri wkh vwloo odujho| xqghudssuhfldwhg glvwruwlrqv exlow lqwr wkh vrfldo
73D g|qdplf yhuvlrq/ h{solflwo| frqvlghulqj wkh wlph suhihuhqfhv ri djhqwv lv wkh vxemhfw
ri rqjrlqj uhvhdufk1
74Wkdw lv/ wkh zkroh sdqrso| ri qrq0prqhwl}hg sudfwlfhv dqg lqvwuxphqwv ri h{fkdqjh
doorzlqj lglrv|qfudwlf sulflqj xquhodwhg wr hfrqrplf frvwv ru pdunhw ghpdqg1
69dqg hfrqrplf ideulf ri Uxvvld e| fhqwudo sodqqlqj dqg rwkhu lqvwlwxwlrqv ri
wkh frppdqg hfrqrp|1 Zh eholhyh wkdw wkh yluwxdo hfrqrp| lv d orfdoo|
udwlrqdo uhvsrqvh wr wklv ohjdf|1 Zh krsh wr kdyh frqwulexwhg lq wklv sdshu
wr lwv dqdo|vlv dv vxfk1
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